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PHYSIOGRAPHIC STUDIES IN SOUTHERN 
PENNSYLVANIA. 

CUMBERLAND VALLEY is the northward extension into Maryland 
and Pennsylvania of the Shenandoah Valley of Virginia. It is 
a broad limestone valley, with low, shale hills, lying between South 
Mountain on the east, and Tuscarora Mountain and associated 
ridges on the west. The southern portion is drained chiefly by 
Conococheague and Antietam creeks into the Potomac, and the 
northern part by Conodoguinet and Yellow Breeches creeks into 
the Susquehanna. The area discussed in this paper is that portion 
of the Cumberland Valley and bordering mountains which is repre- 
sented on the Mercersburg and Chambersburg, Pa., atlas sheets 
of the U. S. Geological Survey, on the scale of 1 mile to1inch. Fig. 1 
is a contour map of the same area. 

Conococheague Creek, which enters the Potomac at Williams- 
port, Md., divides into two branches in the southern part of this 
area. The West Conococheague heads in Tuscarora Mountain 
to the northwest, and enters the main valley from Path Valley. 
The East Conococheague reaches the valley through a narrow gap 
in South Mountain in the eastern portion of the area, and after 
flowing northward for 5 miles, turns southwestward. Before uniting 


with the west branch it is joined by another prominent stream, Back 


Creek, which drains the northern part of the area. 
It has been pointed out by Campbell? that two, and possibly three, 
t Published with the permission of the director of the U. S. Geological Survey. 
2 “ Geographic Development of Northern Pennsylvania and Southern New York,” 
Bulletin of the Geological Society of America, Vol. XIV, pp. 277-06. 
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peneplains exist in this area, and similar features in the adjacent 
portions of Maryland have been described by Abbe.’ The moun- 
tains rise abruptly out of the valley 1,000 to 1,500 feet. ‘The western 
range consists of a series of parallel ridges composed of quartzite 
and sandstone of Medina and Clinton age. The crests of these 
ridges form a very even and level sky line, which suggests at a glance 
that they are remnants of an old peneplain. As one approaches 
from the east North Mountain comes first into view, but extends 
into the area only about 6 miles. It is a double or canoe-shaped 
mountain, ending at the south in Parnell Knob. It is a closely 
folded syncline of quartzite, inclosing overlying shale in the center. 
The rocks are nearly vertical, and the quartzite ridges are conse- 
quently narrow and sharp. Although at a distance their tops fall 
in line with the crests of the more distant ridges and present a level 
sky line (see Fig. 2), on closer examination irregularities appear. 
The eastern limb of the syncline is cut through by water-gaps at several 
points, and its original height has been reduced so that the crest is 
irregular. Its highest points are slightly over 1,800 feet. The 
western limb is more even, but is cut by a wind-gap at the southern 
end. Its top lies between 1,850 and 1,950 feet elevation, except near 
the northern border of the area, where it is locally 2,040 feet. At 
the southern end of the syncline two knobs, whose summits are broad 
and rounded, rise to 2,000 feet, and they may well represent portions 
of the old peneplain but slightly eroded. 

The next ridge to the west is another canoe-shaped mountain, 
less compressed than the North Mountain syncline. It ends in 
Jordan Knob, a companion peak to Parnell Knob, and extends 
about the same distance into the quadrangle. The eastern limb of 
this fold is very steep and the ridge narrow and sharp-topped. In 
the western limb the dips are flatter and the mountain is broader 
and more massive. The eastern ridge has an altitude of about 1,950 
feet. The general altitude of the western ridge is about 2,000 feet, 
but the highest peak rises to an altitude of 2,250 feet near the northern 
boundary of the quadrangle. The higher summits of this ridge are 
rounded, and in this respect possess the characteristics of an old 

3 “Physiography of Maryland,” Maryland Weather Service, Vol. I, Part 2, pp. 


157-61 
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peneplain, whereas the intervening portions of the ridge are reduced 
to a sharp crest. 

To the west is a group of ridges striking entirely across the area 
and forming the main mass of this western range. At the north the 
structure is complex and the ridges are irregular. ‘To the south the 
mountain is composed of two distinct monoclinal ridges, with a deep, 
broad, synclinal valley between. The eastern limb, forming Cove 
Mountain, is vertical, and has been weakened by faulting, so that 


the summit is a knife-edged crest of jagged quartzite beds. Although 





Fic. 2.—North Mountain from the plateau west of Chambersburg. 


some of its highest points reach 1,800 feet, its average height is between 
1,600 and 1,700 feet, and its crest has a decided wavy or comby appear- 
ance. Just beyond the southern border of the quadrangle this ridge 
swings to the east, across the end of a flat anticline, in what is known 
as Cross Mountain, and then extends northward again a short dis 
tance as Two Top Mountain. From the valley one observes an 
abrupt change from the low, comby crest of Cove Mountain to the 
uniform, level crest of Cross Mountain (see Fig. 3) which has an 
altitude of about 2,000 feet. It is apparent that Cove Mountain 
once stood at approximately this altitude, but has been lowered by 
the active erosion of the relatively narrow exposure of upturned 
rocks. The broad mass of gently dipping strata in the anticline of 
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Cross Mountain has resisted erosion, and its flat, broad top is prob- 
ably a remnant of the old peneplain surface. 

Northward beyond Cove Gap the structure of Cove Mountain 
is synclinal, but is complicated by faulting. Although some of its 
summits rise to 2,050 feet, its general elevation is not over 1,800. 

The western monoclinal ridge, Tuscarora Mountain, is more 
massive than Cove Mountain because the rocks are not so steeply 
inclined and have withstood erosion better. Consequently it has a 


greater altitude, ranging from 1,950 to 2,050 feet, and a smoother 





The middle-ground is the gently rolling upland north of St. Thomas. 


crest line. Northward this monoclinal mountain forks by the develop- 
ment of a synclinal valley and another monoclinal ridge on the western 
side, the eastern ridge becoming anticlinal for a short distance. 
The anticlinal portion of the ridge is 2,450 feet in elevation, and is 
very broad and flat-topped. From its summit one looks over the 
tops of the other ridges, whose general level is 300 and more feet 
lower. It is evident that this peak was a monadnock in the old pene- 
plain. Its broad, rounded character is due to its partial reduction 
to the graded plain. Northward the eastern limb of the anticline 
is faulted off and the ridge continues as a monocline at about 2,250 
feet elevation. 


The monoclinal ridge, which branches off to the west, has an 
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average elevation of 2,100 feet, but rises to the height of the anticlinal 
ridge near their junction. The rocks become steeper toward the 
north, and the ridge contracts correspondingly in size and altitude. 

South Mountain, on the east side of the valley, is more massive 
than the western range. The strata composing it are several thousand 
feet of interbedded Cambrian quartzites and shales, overlying older 
volcanics. The quartzites form the higher ridges, and the shales 
and volcanics are covered by a thick mask of the quartzite bowlders 
which prevent the erosion of deep valleys. The ridges are not straight, 
parallel, and even-topped like those of the western range, but are 
offset by cross folds and faults, and are cut through by transverse 
drainage, so that the crest is composed of numerous round-topped, 
elongate knobs and short ridges. Consequently they do not present 
so level a crest line as the western range. 

In the heart of the mountains extending beyond the eastern 
border of the Chambersburg quadrangle, two high and_ very 
level tracts occur. Sandy Ridge and Snowy Mountain, south 
east of Montalto, are broad and level-topped, and have a general 
altitude of about 2,000 feet, with a small knob rising to 2,100 feet. 
They are composed of nearly horizontal quartzite, forming the flat 
top of the anticlinal uplift of South Mountain. The other tract is 
Big Flat, occupying a large area on the top of the mountains north 
east of Fayetteville. This also is the flat crest of an anticline developed 
to the west of the main axis of the mountain, and producing a promi 
nent offset in the mountain front opposite Fayetteville. This plateau 
extends for 7 or 8 miles beyond the limits of the quadrangle at a 
general altitude of 2,000 feet, attaining an elevation of 2,100 feet 
at two points. These two level tracts are undoubtedly remnants of 
the old peneplain, preserved at a height of 2,000 feet. The mono 
clinal ridges along the front of the mountain, which once stood at this 
same altitude, have been reduced by erosion to 1,700 and 1,900 feet. 

This peneplain, observed in both South Mountain and the Tusca 
rora Mountain group, has long been recognized in this part of the 
Appalachians, and has been described by several geologists. Davis* 
named it the Schooley peneplain from its characteristic development on 

“Geographic Development of Northern New Je rsey,”” Procee lings of the Boston 


Society of Natural History, Vol. XXIV, p. 377 


44 
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Schooley’s Mountain, N- J., and Willis’ later called it the Kittatinny 
peneplain after the mountain of that name. It has been traced east- 
ward under the deposits of Cretaceous sediments on the’ eastern 
border of the continent, and is therefore shown to have been formed 
by aerial erosion while the land stood approximately 2,000 feet lower 
than at present. The plain extended over the present Cumberland 


Valley, where its surface was composed largely of limestone and shale, 





Fi 3.—The Schooley peneplain preserved on Cross Mountain in the center, 


with the lower comby ridge of Cove Mountain on the right 


but in part, probably, of overlying quartzites. These rocks have 
been removed during subsequent uplift and erosion. The resistant 
quartzites forming the mountains have withstood erosion, and rise 
approximately to the level of the former peneplain. The present 
altitude of the plain in South Mountain is about 2,000 feet, and in 
Tuscarora and associated mountains from 2,000 to 2,100 feet, which 
may indicate that in the uplift there was tilting toward the southeast. 

At lower altitudes in the mountainous areas there are broad, flat, 
terrace-like features, which probably represent prolonged stages of 
erosion during local halts in the elevation of the land. A broad flat 


The Northern Appalachians,” National Geographic Monographs, Vol. I, 
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; miles in extent occurs at 1,600 feet elevation in the heart of South 
Mountain east of Montalto, and another at 1,350 feet elevation at 
Monterey, near the state line. Both of these are cut in the softer, 
ancient volcanic rocks underlying the quartzites. There are also 
numerous broad, flat divides at elevations from 1,450 to 1,750 feet. 
A broad gap near the southern end of North Mountain, at an elevation 
of 1,550 feet, represents the abandoned outlet of the stream which 
formerly flowed longitudinally along the North Mountain syncline 
at this altitude, but was captured by Wilson Run at Franklin Gap. 
In Path Valley the shale spurs extending out from the mountain on 
the east are roughly terraced, two of the most prominent benches 
lying at 1,100 and 1,200 feet. Cowan Gap, in Tuscarora Mountain, 
through which Little Aughwick Creek formerly flowed into Path 
Valley, is a broad gap at 1,200 feet. Correlation of these features 
has not been attempted. 

Mr. Campbell, in his article on the Geographic Development of 
Northern Pennsylvania and Southern New York,' states that through 
out the great valley (which ‘includes the Cumberland Valley) the 
limestones which occupy the southeastern side are eroded deeper than 
the shales which occupy the northwestern portion. This is not the 
case in the Mercersburg-Chambersburg quadrangles and adjacent 
areas. The rocks in the eastern portion of the valley are the lower 
members of the Cambro-Ordovician limestone, and contain many 
hard, siliceous beds and several resistant sandstones. Some of these 
produce prominent hills from 750 to 850 feet in altitude, a few 
rising to goo and 1,000 feet. ‘The upper beds of the limestone series, 
however, are purer and dissolve more readily, so that in the central 
portion of the valley adjacent to the areas of overlying shale the surface 
is uniformly lower. Out of this lowland the shale hills rise abruptly, 
with steep escarpments, forming what may be called low plateaus. 

There are two main belts of shale in the Mercersburg-Chambers 
burg quadrangles: one west of Chambersburg and Greencastle, which 
crosses the quadrangles from north to south, and is cut longitudinally 
by East Conococheague and Back creeks; the other a smaller north 
and south belt in the vicinity of Mercersburg. These hills, or 
plateaus, are in general very level-topped (see Fig. 2), although the 


t Loc cit., p. 283. 
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rocks composing them are broadly folded and sharply plicated, and 
vary from fissile shale to soft but tough sandstone, which are alike 
planed off. 

The northern portion of the larger shale belt, lying between East 
Conococheague and Back creeks, is the highest of the shale tracts. 
It is a narrow plateau extending from the junction of the two creeks 
to beyond the northern limits of the quadrangle. Along its axis it 
has a nearly uniform elevation of 750 feet, but rises at one point in 
the north to 780 feet, and decreases to 700 feet near its southern apex 
and on its margins. It has been considerably dissected along its 
borders, especially on the western side, where the tributaries of Back 
Creek have trenched it deeply, but the intervening spurs still retain 
their level character and to some extent their original height. The 
descent from the plateau level to the stream bottoms on either side 
is very steep and abrupt. ‘This is especially pronounced on the east 
side, where the valley is a limestone lowland. On the west the shale 
tract extends beyond Back Creek, and the plateau character con- 
tinues at a somewhat reduced altitude, but attains 720 feet elevation 
at the northern border of the quadrangle. 

There are no other extensive level tracts at this altitude in the area, 
but there are several scattered terraces and hilltops which approxi- 
mate this height. West of Mercersburg, near Cove Mountain, the 
shale hills rise to 700 feet, and a little farther north, where an inter- 
montane stream debouches at Cove Gap, an apron of mountain rock 
has been spread over these hills at an altitude of 740 feet. The same 
is true of a small 720-foot terrace just east of Fort Loudon, which 
was covered by mountain wash from Bear Valley when its outlet was 
at this altitude. Another hill covered with water-worn gravel occurs 
at Franklin Gap in North Mountain, the outlet of Wilson Run. 
This, however, has an altitude of 800 to 820 feet. The east branch 
of Little Antietam Creek, which occupies a re-entrant valley in South 
Mountain in the southeast corner of the area, has bowlder-covered 
terraces on both sides of the stream at 760 feet elevation. A similar 
but more extensive level tract covered by quartzite bowlders, occurs 
at Black Gap, in South Mountain, where the East Conococheague 
leaves the mountains and enters the valley. Here a very level plain 
extends for four miles along the creek at an elevation of 840 feet. 
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Nowhere on its surface is bed rock exposed, and only one or two out- 
crops were found in stream cuttings on its borders, indicating a deep 
deposit of stream wash. Inthe limestone area on the eastern side of the 
valley there are numerous hilltops which approximate 740 to 760 feet 
in altitude, but many rise higher, and there is no apparent uniformity 
It is clear that the valley in this region was once a nearly level 
plain, which has been deeply eroded, leaving remnants at approxi- 
mately 700 to 750 feet elevation. Campbell' has described a pene- 
plain preserved throughout this region on the shale at approximately 
this altitude. He has named it the Harrisburg peneplain from its 
typical development at Harrisburg, Pa., and assigns to it an early 
Tertiary age. It seems strange that the peneplain should be pre- 
served in the Chambersburg plateau, which is exposed to such active 
erosion from tributaries of two large creeks, whereas in more favorable 
areas only small remnants remain, but this is probably due to a soft 
but tough sandstone which is locally interbedded and infolded in the 
shale of this hill and has aided in its preservation. Nearly all the 
other areas oct urring at this altitude were protec ted by a covering of 
stream gravels. At Black Gap the gravel-covered plain has a uniform 
altitude of 840 feet. The « apping of gravel and cobble, judging from 
the nearest bed rock observed, is about 60 or 80 feet thick. East 
Conococheague Creek, which issues from the mountains at this point, 
is a large stream and drains a considerable portion of the moun 
tains to the east. On leaving its confined channel in the gap and 
entering the open plain its velocity would be slackened, its transport 
ing power lessened, and a portion of its load of mountain rock would 
be dropped. In this way a delta has been built up 60 or 80 feet 
above the general level of the peneplain. The great extent and level 
character of this delta bears evidence of a prolonged halt in the uplift 
of the land and of active erosion on the headwaters of the stream. 
The delta at Franklin Gap, which also stands at 800 to 840 feet ele 
vation, was similarly built up above the plain. Other local delta 
gravels at about this height occur-at smaller gaps along the mountain 
front. In Path Valley two well-marked terraces on the shale at 820 
feet may represent this stage but at a higher level in the narrow tribu 


tary valley. 
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The larger streams have very meandering, tortuous courses, not 
due to present aggraded conditions, since they occupy deep gorges 
in the broad shale areas and their grade is about 100 feet in 6 to to 
miles air line. These crooked streams originated on a graded plain, 
an additional evidence of the existence of a peneplain at about the 
Harrisburg level, and this mature drainage was rejuvenated by uplift 
and cut deep, sinuous valleys. The spurs between the bends of the 
streams in the shale areas are terraced at various levels, ranging in 
altitude from 580 to 680 feet. Many of the terraces and slopes along 
East and West Conococheague creeks are covered with quartzite 
bowlders transported from the mountains by these streams during 
the cutting of the gorges, but no such deposits have been found on 
the surface of the Chambersburg plateau. 

As to the presence in this area of a lower peneplain of later Tertiary 
age equivalent to the Somerville peneplain of Davis, as suggested by 
Campbell,' the evidence is not so clear. Along both Back Creek 
and East Conococheague Creek terraces at 680 feet are very con 
spicuous, and the shale plateau near St. Thomas also attains this alti- 
tude. To the south the level tops of the central shale belt are all at 
600 to 620 feet, and in many cases this altitude is maintained to the 
ends of the spurs between the creek bends. Other spurs have been 
lowered to 580 and 500 feet. At Upton the 600-foot plain is very pro- 
nounced and extends several miles on to the limestone area to the 
northwest. In the western shale belt the upland is at 600 to 620 feet 
elevation, with a few higher tables previously mentioned nearer the 
mountains. The limestone tracts adjoining the shale have in general 
been reduced to a rolling lowland about 550 to 560 feet in altitude, 
which probably indicates a more recent epoch of erosion affecting 
these soluble rocks. The limestone area along East Conococheague 
Creek from Chambersburg south, however, stands at 600 to 620 feet 
elevation, forming a very level tract covered largely by stream 
gravel. 

Of these later erosion features the most marked is the 600-foot 
plain which forms plateaus of relatively wide extent and level charac- 
ter. This, if any, represents the lower peneplain of late Tertiary age 
which Campbell correlates with the Somerville plain of Davis. The 


t Loc. cit., p. 287. 
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680-foot terrace probably represents an earlier halt of short duration 
and the 560-foot lowland a very recent broadening of the limestone 
valleys. 

There are recognized in this area, therefore, the Schooley pene- 
plain at 2,000 to 2,100 feet elevation forming the mountain summits, 
the Harrisburg peneplain at 750 feet on the higher shale hills, a pene- 


plain at 620 feet on the lower shale hills possibly equivalent to the 
Somerville plain of New Jersey, and intermediate uncorrelated ter- 


races at various levels. 
GEORGE W. STOSE. 


WASHINGTON, D. C. 

















UBER DIE GEGENSEITIGEN BEZIEHUNGEN ZWISCHEN 
DER PETROGRAPHIE UND ANGRENZENDEN WIS 
SENSCHAFTEN.! 

IN wenig anderen Naturwissenschaften haben seit dem letzten 
Drittel des vorigen Jahrhunderts so tief eingreifende Veranderungen 
Platz gegriffen, wie in der Petrographie; erst in den jiingsten dreissig 
oder vierzig Jahren sind jene feineren Untersuchungsmethoden 
ersonnen, ausgebaut und fruchtbar gemacht worden, denen sie einen 
Theil ihrer heutigen Gestaltung verdankt, vor allem die Herstellung 
der Diinnschliffe, die Benutzung des Mikroskops sowie die Ver- 
werthung anderer optischer Instrumente. Und mit dem Maass der 
dadurch gewonnenen neuen thatsiachlichen Erkenntniss wuchs auch 
das Bestreben, unter Beriicksichtigung geologischer Beobachtungen 
die Einsicht in den causalen Zusammenhang_petrographischer 
Erscheinungen und in genetische Verhaltnisse zu vertiefen, mit 
dem Descriptiven das Speculative zu verbinden. Im Verlauf jener 
Zeit ist nebenbei die Anzahl der Forscher auf diesem Gebiete ganz 
ausserordentlich gestiegen, zum Theil in Folge der Anregung und 
Unterstiitzung, welche die inzwischen neu errichteten Institute dar 
boten, wihrend die Aufsammlungen und Arbeiten der geologischen 
Landesanstalten das Untersuchungsmaterial ins Ungemessene ver 
mehrten. Die petrographische Literatur, vordem ausser in Deutsch- 
land fast nur in England, Frankreich und Skandinavien gepflegt, 
hat einen sozusagen internationalen Charakter angenommen und die 
Vereinigten Staaten sind, nachdem einmal eine Schaar ausgezeich- 
neter junger Gelehrten in Europa Ausbildung und Interresse gewonnen 
hatte, durch selbstindige und unabhangige Weiterarbeit mit in die 
allererste Reihe getreten. 

Es gibt gar keine Wissenschaft, welche fiir sich ganz allein, ohne 
passive oder active Beeinflussung bestehen kénnte; wie sie alle zu 
ihrem Ausbau die Aufnahme von Ergebnissen verwandter Disci- 
plinen bediirfen, so spendet auch jede wiederum von ihren eigenen 
Resultaten etwas zur Férderung anderer. 

t Address presented at the International Congress of Arts and Science, Universal 
Exposition, St. Louis, September 22, 1904. 
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Wenn die Petrographie sich mit dem Material, welcher die aussere 
feste Erdkruste zusammensetzt mit den Gesteinen, beschaftigt, so 
ist es nicht zweifelhaft, dass Mineralogie und Geologie, Physik und 
Chemie die zunichst verwandten und solche Wissenschaften sind, 
welche im Dienste der Petrographie durch friedliche Assimilation 
selbst zur Petrographie werden, wie jeder Stein, den man zum Gebaude 
benutzt, dadurch ein Baustein wird, mag man ihn sonst noch nennen, 
wie man will. 

Handelt es sich um die beiden Fragen: erstlich, was alles tragen 
die benachbarten Wissenschaften zum Ausbau der Petrographie bei, 
und zweitens, was vermag umgekehrt die Petrographie aus dem 
Umfange ihrer eigenen Erfahrungen abzugeben, um auf angrenzen 
den anderen Gebicten Verstindniss von gesetzlichen Erscheinungen 
zu schaffen oder dic Lésung von Problemen anzuregen, so scheint 
es, dass unsere Wissenschaft wohl im Ganzen mehr als Empfangerin, 
denn als Geberin dasteht, wenn auch nicht in demselben Maasse 
genihrt und unterstiitzt, wie es bei jenem grossen Complex von 
heterogenen Disciplinen der Fall, den man die moderne Geographie 
nennt. 

In einer Bezichung liegt die Sache freilich ganz anders, bei dem 
Verhialtniss der Petrographie zur Mineralogie. Jeder, der in den 
letzten Jahrzehnten auf beiden Gebieten thiatig war, oder gar, wie es 
bei mir zutrifft, auch den modernen Aufschwung der Petrographie 
noch mit erlebt hat, wird zugeben, dass fiir speciell petrographische 
Zwecke unternommene Studien unendlich mehr mineralogische 
Frucht getragen haben, als es umgekehrt der Fall. Zwar waren 
in den fiinfzigen Jahren schon vereinzelte zusammenhanglose Ver 
suche gemacht worden, isolirte Mineralien mit dem Mikroskop zu 
betrachten, Versuche aber, die bei der damals herrschenden Gleich- 
giiltigkeit, Verstandnisslosigkeit oder Skepsis sozusagen ohne jede 
weitere Bedeutung blieben. Die methodische und verallgemeinerte 
mikroskopische Untersuchung der Mineralien hat jedoch erst bei 
den Diinnschliffen derjenigen cingesetzt, die cine Rolle als Gemeng 
theile von Fe/sarten spielen und in deren Erkenntniss der Hauptauf 
gaben der Gesteinskunde beruht, so dass alle diese Forschungen in viel 
grésserem Maasse um specifisch petrographischer als um specifisch 


Und alles, 


mineralogischer Zwecke willen unternommen worden sind. 
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was nun fiir die Gesfeinsmineralien mit wachsendem Eijfer fest 
gestellt wurde; die Lage der optischen und Elasticitétsaxen in ihnen, 
die Brechungsquotienten und die Absorptionscontraste, die Cohisi- 
onsverhiltnisse, die Gesetze ihrer Zwillingsbildungen und die Beschaf 
fenheit ihrer feineren Structur, die Natur der in ihnen enthaltenen 
festen und fliissigen mikroskopischen Einschliisse, die Erscheinungen 
der Zersetzung und Verwitterung, die Umbildung in neue epigene- 
tische Substanzen—alles dieses ist nun auch der eigentlichen Mine- 
ralogie zu Gute gekommen. Auf die Entwickelungsgeschichte 
zahlreicher Mineralien ist erst Licht gefallen, als man veranlasst 
war, die pelrographischen Vorkommnisse derselben zu_ studiren. 
Wie spirlich waren, bevor die Gesteinskunde sie in ihr Bereich zog, 
unsere Kenntnisse von ‘Titaneisen, Sillimanit, Cordierit, Zoisit, 
Tridymit, iiber Nephelin, Leucit, Melilith und viele Feldspatharten, 
iiber die Glieder der Pyroxen-Amphibolgruppe; wie diirftig wiirden 
die Lehrbiicher der Mineralogie erscheinen, wenn alles aus ihnen 
hinweggenommen wire, was auf Grund von _petrographischen 
Arbeiten jetzt ihren Inhalt bereichert und anziehend macht. Jene 
petrographisch-geologische Theorie, durch welche Bunsen die ver- 
schiedenartige chemische Zusammensetzung der eruptiven Felsarten 
erklaren wollte, spiegelt sich wieder in der geistvollen und frucht- 
bringenden Auffassung Tschermak’s von dem Aufbau der triklinen 
Feldspathe aus zwei chemisch differenten aber isomorphen End- 
gliedern. 

Dass bei allen diesen mineralogisch-petrographischen Studien 
physikalische Methoden unausgesetzt zur Geltung kommen, ver- 
steht sich von selbst. Wenn aber auch so die optisch-physikalischen 
Instrumente zum Gemeingut der Petrographen geworden sind, so 
sollte nicht iiberschen werden, dass die Letzteren fiir ihre speciellen 
Zwecke gewisse derselben eigens ersonnen, an anderen werthvolle 
Verbesserungen angebracht haben, was Alles wieder der eigentlichen 
Physik zu Gute kommt. Und sodann, dass ein betrachtlicher 
Theil der optischen und thermischen Gesetze tiberhaupt erst ergriindet 
oder bestitigt werden konnte an Objecten, die dem Steinreich ent 
stammen. Das physikalische Verfahren bei der Fractionirung 
heterogener Gemenge mittels schwerer Fliissigkeiten ist durch seine 


Anwendung auf petrographischem Gebiet jetzt hoher Vollendung 
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entgegengefiihrt worden. Nur zum Theil petrographischer, vor- 
wiegend geologischer Natur sind die Untersuchungen, welche sich 
bestreben, die Gesetze der Mechanik anzuwenden auf das Gesteins 
material, welcher einer Deformation, Torsion, Zerreissung anheimfiel. 

Schon sehr lange besitzen wir chemische Bauschanalysen von 
Gebirgsarten, ferner sog. Partialanalysen der in Saéuren léslichen 
oder zersetzbaren und der davon unangegriffenen Antheile, Analysen 
der enizelnen isolirten Gesteinsmineralien, wenn alles dies auch 
anfangs vielleicht nur mehr als ornamentale Verbramung der Gesteins 
beschreibung betrachtet und vielfach von wenig erfahrenen Novizen 
unternommen wurde, dann auch eine Periode der Vernachlassigung 
eintrat, wo das rapid wachsende Studium der Kohlenstoffverbin 
dungen als ein verlockenderes und méglicherweise finanziellen Gewinn 
bringendes Gebiet erschien. Augenblicklich ist die Anwendung der 
analylisch-chemischen Untersuchungsmethoden auf das _petrogra 
phische Material, in ihrer unabweisbaren Bedeutung nicht hoch genug 
anzuschlagen, mehr denn je zur Geltung gekommen, und wie von jeher 
stehen mit Recht die massigen Eruptivgesteine und die Krystallinen 
Schiefer im Vordergrunde des Interesses. Ja, in den letzteren Jahren 
scheint man gar in der Beriicksichtigung der chemischen Specialitaten 
dann zu weit zu gehen, wenn man auf Grund von geringfiigigen 
Differenzen unter den einwerthigen oder unter den zweiwerthigen 
Metallen oder zwischen beiden gleich Veranlassung nimmt, neue 
belastende Namen fiir diese tiberhaupt nicht stéchiometrisch zusam 
mengesetzten Gesteinsmassen aufzustellen. 

Héchst werthvolle und zahlreiche Einzelbeitrige sind jetzt im 
Laufe der letzten Zeit auch von Seiten der U. S. Geological Survey 
geliefert worden, viele Hunderte von Analysen nach immer mehr 
vervol!kommneten und den strengsten Anforderungen geniigenden 
Methoden, nach Methoden, die auch gezeigt haben, dass als ausserst 
selten geltende Stoffe, wie Vanadin, Baryum, Strontium, sich in den 
meisten oder fast allen Eruptivgesteinen finden, Molybdin zwar 
sehr spirlich, aber unerwartet haiufig. Hier ist vor allem der Name 
des verdienstvollen Hillebrand zu erwahnen, dessen “ Praktische 
Anleitung zur Analyse der Silicatgesteine”’ einen férmlichen Schatz 
von Erfahrungen und Fingerzugen enthalt. Sehr richtig hob er 


hervor, vie wiinschenswerth eine Wechselwirkung zwischen chemischer 
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und mikroskopischer Untersuchung sei, die beide haufig noch getrennt 
ausgefiihrt werden und dass, wenn das Studium der Diinnschliffe 
allemal den Analysen vorausginge, die letzteren viel leichter und 
exacter erledigt wiirden. 

Die chemisch-petrographische Literatur ist jiingst um ein wahr- 
haft grossartiges Werk bereichert worden, was ebenfalls diesseits des 
atlantischen Oceans mit bewundernswerthem Fleiss ausgearbeitet 
wurde. Henry Washington hat es, ein Nachfolger von Justus Roth, 
aber von moderneren Gesichtspunkten ausgehend, zu Wege gebracht, 
alle in den 16 Jahren von 1884-1900 ver6ffentlichten Analysen von 
Eruptivgesteinen und Tuffen zusammenzustellen und kritisch zu 
verarbeiten; neben den einleitenden Bemerkungen iiber Auswahl der 
Objecte, Materialmengen, Maass der Genauigkeit und der Ausfihr- 
lichkeit, Irrthumsquellen u. s. w. ist vor allem wichtig der erste 
Versuch, den Werth der Analysen gerecht und unbefangen zu taxiren: 
von aihnlichen Erwagungen aus, nach denen der Credit eines kauf 
miannischen Geschafts beurtheilt wird, unternimmt er es, im Hinblick 
auf den Grad der Exactheit und der Vollstandigkeit, die Analysen 
in 5 Gruppen zu bringen, welche in absteigender Folge die Praedicate: 
excellent, good, fair, poor, bad erhalten, ein sehr dankenswerthes 
Beginnen, hoffentlich zugleich ein Mahnruf an die Analytiker. 

3ei der Veranstaltung chemisch-petrographischer Analysen han- 
delt es sich cinmal darum, iiberhaupt die Zusammensetzung einer 
Felsart festzustellen, sowohl um die procentarische Betheiligung der 
verschiedenen Stoffe daran zu erkennen, als auch eine Einsicht in 
die Stellung zu gewinnen, welche das Vorkommniss innerhalb gewisser 
chemischer Reihen einnimmt. Wéahrend in einem normalen Ver- 
bande sich ein constantes Steigen und Fallen der Stoffe geltend 
macht, sind in dieser Hinsicht namentlich bemerkenswerth die eigen- 
thiimlichen Ultraglieder, z. B. die ganz abseits stehende Gruppe der 
trotz grosser Basicitét fast thonerdefreien und alkalifreien, aber 
enorm magnesiareichen Eruptivmassen, und ein anderes, vielleicht 
noch auffalliger aus dem allgemeinen normalen Rahmen heraus- 
fallendes Glied mit kaum 20 pro cent. Kieselsaure, alles andere fast 
nur Thonerde, dennoch aber ein achtes Durchbruchsgestein. 

Die neuere Zeit hat, auch zu dem Zweck, die Verwandtschaften 
hervortreten zu lassen, viele Bestrebungen hervorgebracht, formel- 
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aihnliche einfache Ausdriicke fiir die chemische Gesteinszusam 
mensetzung zu gewinnen, sowie graphische Methoden zu ersinnen, 
wodurch das Verhiltniss der einzelnen Stoffe, welche meist als aus den 
Gewichtsprocenten berechnete Molecularproportionen erscheinen, zur 
Darstellung gelangt, und der Ort angegeben wird, den eine Analyse 
inmitten einer Schaar von anderen einnimmt. Loewinson-Lessing, 
Pirsson, Michel-Lévy, Migge, Brégger, Becke, Iddings, Osann haben 
auf diesem weiten Gebiete der chemisch-classificatorischen Formu- 
lirung, der Graphik und Topik verschiedene specielle Vorschlige 
gemacht. 

Der zweite Hauptzweck der chemischen Gesteinsanalysen besteht 
darin, die an einem Material erfolgten substanziellen Verdénderungen 
nachzuweisen, indem es mit demjenigen verglichen wird, an welchem 
dieselben nicht eingetreten sind. So haben die chemisch-analy- 
tischen Methoden jene grosse Summe von Kenntnissen aufgehauft, 
die sich bezichen auf den gesetzmissigen Verlauf der einfachen Ver 
witterungen und der complicirteren Zersetzungen, welche unter dem 
Einfluss der allerwegen wirksamen Agentien und der dadurch zuniachst ' 
beschafften carbonatischen und silicatischen Lésungen von Statten 
gehen. In das Verstiandniss von diesem stillen Spiel der chemischen 
Verwandtschaften und von dem gegenseitigen Austausch der Stoffe 
in den Felsen und Erdschichten zuerst Ordnung gebracht zu haben, 
ist das unvergingliche Verdienst des grossen Meisters Gustav Bischof. 

Aber auch fiir die Einsicht in andere mehr locale Umwandlungen 
innerhalb der Gesteinswelt muss die Chemie helfend zur Seite stehen. 
Einmal da, wo in Folge des Durchbruchs von emporgedringten Erup- 
tivmassen die angrenzenden Gebirgsschichten oft auf weite Er- 
streckung hin in denjenigen verinderten Zustand versetzt worden 
sind, den man den contaclmetamor phischen nennt. Soweit die Einwir- 


kung des activen Eruptivgesteins auf die passive Umgebung in diesen 








hofahnlichen Umwandlungsgebieten erkannt werden kann, von der 
Grenze beider an, wo die Energie des Metamorphismus am inten- 
sivsten ist, bis dahin, wo die letzten aussersten Spuren in das unver- 
andert gebliebene Nebengestein ausklingen, findet sich des betroffene 
Material, je nachdem es sich solchen Einfliissen gegeniiber mehr 





oder weniger empfanglich verhialt, in dieser oder jener Weise alterirt, 
indem an Hunderten iiber die ganze Erde verstreuten Orten auf 
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eine in den grossen Ziigen iibereinstimmende Art sein Mineralbestand 
und auch sein Gefiige zu einem anderen geworden ist. Auf che- 
mischem Gebiete muss hier entschieden werden, ob es sich dabei um 
eine blosse moleculare Umlagerung der in dem Nebengestein vorhanden 
gewesenen Stoffe handelt, oder ob dasselbe auch eine wesentliche 
Verainderung seiner chemischen Zusammensetzung dadurch erlitten 
hat, dass die Eruptivmasse bei der Erstarrung etwa Stoffe aus sich 
ausschied und in dasselbe hinein abgab. Grosse Reihen von ver- 
gleichenden Analysen schienen, wenigstens fiir die Tiefengesteine, 
das Erstere zu bekriaftigen, dass in der Regel diese contactmeta- 
morphischen Ereignisse erfolgen ohne Zufuhr und Abfuhr von Sub- 
stanzen, dass das active Gestein blos durch seine Eruption, durch 
die von ihm ausgeiibten physikalischen Bedingungen des Drucks 
und der Temperatur wirkte, nicht auch durch die jeweilige Beschaff- 
enheit seiner eigenen Masse. Franzésische Forscher sind freilich 
im Gegensatz dazu der Ansicht, dass auch bei den tiblichen contact- 
metamorphischen Umwandlungen, z. B. von Thonschiefer in Hornfels, 
Fruchtschiefer, Garbenschiefer neu zugefiihrte Stoffe in dem Substrat 
eine Rolle spielen; dass Letzteres im Contact mit intrusiven Diabasen 
thatsaichlich der Fall, wurde schon friih durch chemische Analysen 
erwiesen. Und wenn bei dem Durchbruch gewisser Granite durch 
ein Nebengestein sich das letztere, abgesehen von den sonst gew6ohn- 
lichen Alterationen, mit neugebildetem Turmalin, Topas, Zinnstein, 
Axinit, fluorhaltigem Glimmer in immer wiederkehrender geschlos- 
sener Gesellschaft ausgestattet zeigt, so ist es nicht zweifelhaft, dass 
die Entstehung dieser, vielfach an Spalten gebundener Mineralien 
in Verbindung gebracht werden muss mit einer die Granit-eruption 
begleitenden fumarolenihnlichen Aushauchung von fluor- und bor- 
haltigen Dampfen, also thatsichlich eine Aussendung fremder che- 
mischer Stoffe in die Umgebung hinein stattgefunden hat. 

Nun gibt es aber auch noch eine andere Art der Gesteinsmeta- 
morphose als die durch Contact bedingte: die gebirgsbildenden 
Druckkréjte waren es, die in weiten Regionen das Material, auf 
welches sie wirkten, zusammengepresst, gestaucht, zermalmt haben, 
wobei es dann in der Regel zur Erwerbung eines anderen, nament- 
lich schieferigen Gefiiges und daneben auch zur Herausbildung eines 
abweichenden Mineralbestandes gekommen ist. Dabei erhebt sich 
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aber die wichtige Frage, wie es mit der chemischen Beschaffenheit 
solcher Druckproducte bestellt ist. Auf ein unzulangliches Material 
gestiitzt und im Banne von tendentiés erwiinschten Vorstellungen 
hat man den Satz ausgesprochen, dass auch mit den weitestgehenden 
Umgestaltungen in Structur und Mineralfiihrung eine chemische 
Verinderung von nennenswerthem Betrage nicht verbunden sei. 
Es ist das Verdienst von Reinisch, durch eine umfangreiche Analysen 
reihe dies als Irrthum aufgedeckt und fiir die druckmetamorphisch 
umgebildeten Orthoklasgesteine, fiir gepresste Diabase gezeigt zu 
haben, dass sie in gesetzmiissiger Weise sogar einer recht erheblichen 
chemischen Verainderung unterlegen sind. Fiir die einzelnen Stoffe 
kénnen bei normalem und gepresstem Gestein, welches den Gewassern 
Unmengen neuer Angriffspunkte bietet, die Differenzen so bedeutend 
werden, dass von einer unversehrten Erhaltung des chemischen 
Bestandes keine Rede mehr ist und dass damit das friiher versuchte 
zuriickschliessen aus der Analyse des Druckproducts auf das urspriing- 
liche Gestein—bei dem ganz verwischten chemischen Bilde des 
letzteren—ceinfach unméglich wird. 

Diese Beispiele zeigen, welch ein unentbehrliches Hiilfsmittel die 
chemische Analyse fiir petrographische Probleme darstellt. Aber 
die Fiille des Dankes liegt doch nicht ganz allein auf der einen Seite, 
es lassen sich vielmehr auch gewisse Bezichungen anfiihren, wo 
umgekehrt die Chemie zu einiger Erkenntlichkeit Veranlassung hatte, 
indem sie durch die Petrographie nicht ganz gleichgiiltige Anregung 
zur Verscharfung oder Erweiterung ihrer eigenen Methoden erhalten 
hat. 

Vor die Aufgabe gestellt, auch die nur ganz spurenhaft in den 
irdischen Gesteinen vorhandenen Elemente nachzuweisen, mussten 
die Chemiker darauf Bedacht nehmen, jene Reactionen ausfindig 
zu machen, wodurch diese Elemente am besten in ihrer Gegenwart 
erkannt, am schirfsten von einander getrennt und am sichersten 
quantitativ bestimmt werden kénnen. 

Die auf Begehr der Petrographie zu ihren Gunsten unternommenen 
Arbeiten z. B. von Hillebrand sind so der ganzen analytischen Chemie 
zu Gute gekommen. In Diensten der Petrographie fand Gooch die 


neuen Trennungsmethoden fiir Titan, Lithium, Bor und seinem 





erfinderischen Geschick verdanken die Chemiker den Gebrauch des 
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perforirten Platinfiltrirtiegels und des gekrampten Platintiegels zur 
Wasserbestimmung. Der Mineralreichthum der Stassfurter Salz- 
lager hat van’t Hoff Anregung geboten zu seinen Jahrelangen wichtigen 
Untersuchungen iiber Gleichgewichtsverhaltnisse, Léslichkeitscurven 
und Bildungsbedingungen von Hydraten, Doppelsalzen und Pro- 
ducten des doppelten Umtausches. 

Neben der tiblichen Makrochemie ist letzthin auch eine Mzkro- 
chemie erwachsen und ausgebaut worden. Hier unternimmt es das 
mikroskopisch bewaffnete Auge, die an dem zu priifenden Object 
erfolgenden Veranderungen und die Natur der neu hervorgerufenen 
Producte zu erkennen. Haben die Reagentien auf ein winzig kleines 
Partikelchen oder ein Lésungstrépfchen gewirkt, so kommt es vor 
allem darauf an, beim Verdunsten zwar nur mikroskopische, aber 
so charakteristisch krystallisirte und optisch wohl gekennzeichnete 
Producte der Reaction zu erhalten, dass sie zur zweifellosen Erken- 
nung des dieselben bedingenden, in der Probe enthaltenen Elements 
verwerthet werden kénnen, Wenn diese specifisch mikrochemischen 
Methoden, fiir zahlreiche Elemente dusserst befriedigend ersonnen 
und sehr haufig angewandt, jetzt der qualitativen Analyse zu Gebote 
stehen, so mége das Historische nicht vergessen werden, dass sie zuerst 
als etwas Neues lediglich um petrographischer Zwecke willén in die 
Wege geleitet wurden. Boricky war es, der 1877 bei seinen Gesteins- 
untersuchungen auf die Idee kam, die Mineralpartikel mit Kiesel- 
fluorwasserstoff zu behandeln, um Fluorsiliciumsalze der Alkalien, 
der alkalischen Erden u. s. w. zu erhalten, die durch ihre unter- 
scheidbaren Formen das in sie eingetretene neue Element verrathen. 

Immer weiter um sich greift die Uberzeugung, dass eine grosse 
Anzahl petrogenetischer Probleme ihr Verstandniss finden wird auf 
dem Boden derjenigen Wissenschaft welche, obschon sie dem Namen 
nach zwischen zwei anderen steht, doch in letzterer Zeit mit ihren 
hochbedeutenden Errungenschaften eine férmliche Selbstandigkeit 
beanspruchen darf, der physikalischen Chemie. Dass ihre Grund- 
zitze, Gesetze und Arbeitsmethoden fiir petrographische Gebiete 
fruchtbar gemacht werden kénnen, zum Theil schon verwerthet 
worden sind, mégen folgende skizzenhafte Andeutungen darthun. 

Es ist eigenthiimlich, dass ein Begriff, der als ein anscheinend 


neuer, durch seine Aufstellung grosses Interesse erweckte, der der 
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festen Lésungen, in der Petrographie schon lange Zeit vorher als eine 
selbstverstaindliche Thatsache gegolten hat. Wir haben von jeher 
gewusst, dass, indem das Lavamagma eine schmelzfliissige Lésung 
mit wechselndem Verhialtniss der Mischungstheile ist, auch sein 
chemisch identisches, homogenes, festes amorphes Erstarrungspro- 
duct, welches entsteht, wenn die moleculare Beweglichkeit aufhért, 
bevor krystallinische Ausscheidung beginnt, dass das natiirliche Glas 
nichts anderes sein kann, als eine unterkiihlte festgewordene Lésung. 

Bei den natiirlichen Silicatschmelzfliissen wird nicht mehr ein 
Gegensatz von gelésten Kérpern und einem Lésungsmittel von 
bestimmter stéchiometrischer Zusammensetzung angenommen, es 
sind gegenseitige wahrscheinlich dissociirte Lésungen; die Specula- 
tionen tiber die Natur der auch ihrer Herkunft nach stets ganz pro- 
blematisch gewesenen Lésungsmittel sind dadurch belanglos gewor- 
den. 

Die Gesetze, welche die Krystallisation aus wisserigen Lésungen 
beherrschen, miissen, wie schon Bunsen hervorhob, auch giiltig sein 
fiir schmelzfliissige. Zweifellos steht auch die Consolidation von 
natiirlichen Schmelzfliissen unter der Herrschaft der von Gibbs fiir 
Salzlésungen aufgestellten Phasenregel; aber in Folge der Compli- 
cationen, welche durch die Gegenwart so vieler im Magma gelost 
vorhandener Verbindungen bedingt werden, diirfte es schwerlich 
gelingen, auf diesem Gebiete ihre Wirkung auf die Ausscheidungs- 
folge zu specialisiren. 

Als ein altes Hauptproblem gilt die Rethenjolge, in welcher die 
einzelnen Mineralgemengtheile eines gleichmissig kérnigen Erup- 
tivgesteins festgeworden sind, oder, genauer ausgedriickt, in welcher 
sie zu krystallisiren angejangen haben. Dass es keineswegs, wie 
Rosenbusch glaubte, die zunehmende Aciditat ist, sondern nach 
dem Hinweis von Lagorio weit mehr die Natur der Basen, wodurch 
diese Succession in normalen Fallen geregelt wird, diirfte nicht mehr 
auf Widerspruch stossen. Diejenigen Stoffe, welche am leichtesten 
sittigen, werden zuerst zum Aufbau der Ausscheidungen verbraucht, 
die am schwersten sittigenden zuletzt Und experimentell ist nach- 
gewiesen, dass die abnehmende Reihenfolge in der Sattigungsfihig- 
keit fiir schmelzende Silicatlésungen lautet: Eisenoxyde, Magnesia, 
Kalk, Natron, Kali und Thonerde, welche erst relativ spat in das 
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Moleciil der verschiedenen Gemengtheile eintritt, dann Kieselsiure 
selbst. Doch liegen hunderte von wohlstudirten Beispielen vor, wo 
die darnach construirte Reihenfolge: Eisenerze, Olivin und rhom 
bische Pyroxene, monokline Pyroxene, Amphibol und Biotit, Anor- 
thit, Kalknatronfeldspathe, Nephelin, Albit und Aegirin, Orthoklas, 
Quarz nicht eingehalten wird, sei es, dass diese Reihe an gewissen 
Stellen eine Umkehrung erfalbrt, oder dass Mineralien, welche erst 
nach einander hiatten krystallisiren sollen, gleichzeitig ausgeschieden 
vorliegen. 

Blos zweierlei scheint ganz festzustehen: erstlich, dass in den 
kieselsiurereichen Gesteinen solcher Art mit Gehalt an Quarz dieser 
in der Regel mit zu den letzten Verfestigungen gehGért, und sodann, 
dass die Trager der nur dusserst spiarlich oder spurenhaft in dem 
Magma vorhandenen Stoffe, der Phosphorsiaure, Zirkonsaure, Titan- 
siure u. s. w., also Apatit, Zirkon, Rutil, Titanit, Ilmenit, Perowskit 
zu allererst zu krystallisiren anhuben, wenn sie auch in einigen Fallen, 
gleichwie die Erze, eine nicht unbetrachtlich lange Ausscheidungs- 
dauer besitzen. Es ist fraglich, ob die friihe Festwerdung dieser 
Accessorien, wie oft geglaubt wird, in der That auf ihrem geringen 
Mengenverhialtniss beruht, denn weil die Lésung dann fiir dieselbe 
verdiinnt erscheint, hatten sie wohl eigentlich gerade umgekerht erst 
ganz spit auskrystallisiren miissen. Da man auch nicht, in etwas 
drastischer Weise, dem Magma das Bestreben zuschreiben kann sich 
dieser Fremdkérper gewissermassen zunichst zu entledigen, so ist 
zur Deutung der Thatsache vielleicht eher anzunehmen, dass jene 
Mineralien in der silicatischen Lésung bei niedrigeren Temperaturen 
besonders schwer léslich sind. 

Die Ursachen fiir jenes abwechslungsvolle Verhalten der Haupt- 
mineralien in ihrer Krystallisationsfolge sind zum guten Theil noch 
recht unbekannt. Die Behandlung der Frage gestaltet sich aber 
dadurch besonders schwierig, dass man bei Experimenten und theo 
retischen Erwigungen nur mit zwei Substanzen in Lésung zu 
operiren pflegt, wahrend ein Silicatgesteinsmagma in der Regel tiber 
vier Substanzen gleichzeitig gelést enthilt. 

Es wurde hingewiesen auf die Thatsache, dass in gewissen Lé6- 
sungen der Tem peraturs piclraum fiir das Herausfallen einer Verbin- 
dung, z. B. Leucit, ein engbegrenzter, fiir das Auskrystallisiren einer 
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anderen Verbindung, z. B. Augit, unter sonst gleichen Umstinden ein 
viel weiter begrenzter sein kann, so dass sich aus dem gleichen Magma 
je nach der Temperatur der Augit bald vor, bald nach dem Leucit 
auszuscheiden vermag. Auch Meyerhoffer hat gezeigt, dass je nach 
dem labilen Gleichgewicht aus derselben Schmelze bald a, bald 6 
zuerst krystallisiren kann. 

Noch durch ein weiteres Moment kann die Reihenfolge der Aus- 
scheidungen verindert werden, durch den Druck. Da nach der 
iiblichen Auffassung die gesteinsbildenden Mineralien sich beim 
Erstarren aus ihrer Schmelze contrahiren so muss, wie Sorby und 
Bunsen nachwiesen, verstarkter Druck diese Contraction beférdern, 
d. h. die Krystallisation beschleunigen. Die damit zusammenhing- 
ende Verschiebung des Erstarrungspunktes erfolgt aber dann bei 
verschiedenen Kérpern ungleichmassig, so dass zwei Ké6rper, die 
unter einfachem Atmosphirendruck verschiedenen Erstarrungs 
punkt haben, unter erhéhtem Druck, unter welchem die Schmelz 
punkte naiher zusammengeriickt sind, gleichzeitig erstarren kénnen, 
wahrend unter noch starkerem Druck der vorher rascher erstarrende 
zum langsamer erstarrenden werden kann, auf Grund dessen sich 
die Reihenfolge der Ausscheidungen Andert, z. B. zwischen dem 
leichter schmelzbaren. Augit und dem _ schwerer schmelzbaren 
Orthoklas. 

Nach Doelter kénnte auch die Arystallisationsgeschwindigkeit in 
so fern von Belang sein, als der Vorsprung, welchen die schwerere 
Léslichkeit einer Substanz a fiir ihre friihere Ausscheidung hat, ein 
geholt oder iiberholt wird durch die raschere Krystallisationstendenz 
einer leichter léslichen Substanz 6. Tritt dies nicht, wie es der Fall 
sein sollte, allenthalben ein, so liesse sich als Ursache dafiir vielleicht 
die abweichende Viscositat der Magmen anfiihren, mit welcher sich 
die Krystallisationsgeschwindigkeit andert; sollte die Viscositat, die 
Zunahme der inneren Reibung, der Auskrystallisation von @ und b 
gleichmissig entgegenwirken, so wiirde jener Vorsprung nicht so 
leicht oder tiberhaupt nicht eingeholt werden. 

Andere physikalisch-chemische Fragen auf diesem Gebiete sind 
die warhscheinlich zu verneinende, ob und wie weit die Reihenfolge 
der Ausscheidungen beeinflusst wird durch die relativen Mengenver 
hilinisse der Bestandtheile; itiber die noch wenig untersuchte Wir- 
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kung der sog. Im pj-krystalle; sodann, ob in gewissen gleichmassig-fein 
und in bestimmtem Verhiltniss gemengten Aggregaten zweier Mi- 
neralien, die sich an den Felsarten betheiligen, etwa das Product einer 
eulektischen Mischung im Sinne Guthrie’s, analog den Kryohy- 
draten, vorliegt. Weiterhin iiber die Rolle, welche die sog. Mineral- 
isaloren, die “‘agents minéralisateurs” bei der Verfestigung des 
Magmas spielen, jene darin vorhandenen, zum Theil gasigen Stoffe, 
welche auf die Auskrystallisation rein katalytisch zu wirken scheinen, 
d. h. dieselbe beférdern, ohne selbst dabei verwandelt zu werden und 
ohne in die bei ihrer Gegenwart sich bildenden Substanzen einzutreten. 
Besser sind wir, namentlich durch Iddings, dariiber unterrichtet, 
durch welche Ursache die so haufigen magmatischen Corrosionen 
und Resorptionen, die Wiederauflésungen bereits ausgeschiedener 
Gemengtheile bedingt werden, wobei es sich um Verschiebung des 
Gleichgewichtszustandes zwischen der festen und fliissigen Phase 
handelt. 

Ganz besonders wird aber auch die Mithiilfe der physikalischen 
Chemie Noth thun bei der Erklarung der Differenzirung der Mag- 
men, der weithin verbreiteten Erscheinung, dass umfangreiche Erup- 
tivmassen, auch michtige Ginge, sich gespalten haben in ein saureres, 
vorwiegend alkalisches, auch thonerdereicheres und in ein basischeres, 
an Eisen- und Magnesiasilicaten reicheres, an Thonerde und Alka- 
lien armes Theilmagma, wobei das erstere fast immer im Centrum, 
das letztere als basische Randfacies an der Peripherie lagert. Die 
Entstehung dieser Theilmagmen muss wahrend des Fliissigkeits- 
zustandes durch Diffusionen in entgegengesetzter Richtung vor sich 
gegangen sein und so handelt es sich insbesondere um zwei Fragen: 
1., welche Krifte iiberhaupt die Separation in die abweichend beschaf- 
fenen polar entgegengesetzten Theilmagmen, das Zusammengehen der 
zweiwerthigen Metalle mit einander und mit wenig Silicium, das der 
einwerthigen mit mehr Aluminium und mehr Silicium veranlasst 
haben, und 2., weshalb das acidere Theilmagma nun gerade die 
centrale, das basischere die peripherische Stelle eingenommen hat. 

Mehrere Einwendungen lassen sich dagegen erheben, hier das 
von Soret aufgestellte, von van’t Hoff ausgebaute Princip zur unmit- 
telbaren Anwendung zu bringen, dass der oder die Bestandtheile, mit 
denen eine Solution nahezu gesittigt ist, sich an den kalteren Stellen 
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anzuhiaufen streben; der Satz ist z. B. nur fiir die Vertheilung eines 
gelésten Stoffs in einem Lésungsmittel nachgewiesen. Guy und 
Chaperon’s Satz, dass die Schwere mitwirkt die Homogeneitat einer 
Solution aufzuheben, kann hier keine Giiltigkeit beanspruchen, denn 
dann miisste das schwerere basischere Theilmagma in einem unteren, 
das leichtere acidere in einem oberen Niveau erscheinen und der 
Gegensatz zwischen Centrum und Peripherie wiirde dadurch nicht 
erklirt. Wer aber in schwer verstandlicher Weise die Erscheinung 
der randlichen Basicitét auf eine Einschmelzung angrenzenden 
Nebengesteins zuriickfiihren will, setzt sich mit einer Unmenge von 
Thatsachen in Widerspruch und verneint ausserdem itiberhaupt eine 
stattgefundene Differenzirung. 

Einen wesentlichen Schritt zur Férderung der Erkenntniss*hat 
Brégger gethan, welcher in speciellen Fallen nachwies, dass es wohl 
nicht die einzelnen Stoffe, sondern bestimmte stéchiometrische Ver- 
bindungen gewesen sind, welche eine entgegengesetzte Diffusions 
richtung verfolgt haben, indem sich die kieselsiurearmen Eisen- 
Magnesia-Kalksilicate in der einen, die kieselsiurereichen Alkali- 
Thonerdesilicate in der anderen Richtung bewegten und dass ausser- 
dem diese Verbindungen als solche den Mineralien der Eruptivge 
steine entsprechen, in denen, wie bekannt, ja auch Alkalien, Alu 
minium nebst Calcium einerseits, Magnesium, Eisen nebst Calcium 
andererseits zusammenzugehen pilegen. Soseien es die am schwersten 
léslichen Verbindungen, welche nach der Abkiihlungsflache hin 
diffundiren und in so fern hange die Differenzirung zusammen mit 
den die Krystallisationstendenz beherrschenden Gesetzen. Ahnlichen 
Vorstellungen scheint sich Harker hingegeben zu haben. Hierin 
liegt gewiss cine wichtige Erlauterung, welche aber nur Thatsachen 
erkennt, keine eigentliche Erklarung gibt, und immerhin bleibt es 
eine Frage, worin denn nun jene treibende Kraft besteht, vermége 
deren der melanokrate Pol gerade eine peripherische, der leukokrate 
eine centrale Position einnimmt. Uber die Unterschiede in den 
Diffusionsconstanten der betreffenden Verbindungen ist nichts 
bekannt. 

Um iahnliche Gegensitze, wie sie zwischen Centrum und Rand in 
einem und demselben Massiv bestehen, handelt es sich da, wo in 


einer Gegend viele sog. com plementére Gange aufsetzen, acidere neben 
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basischeren, welche dann aufgefasst werden, als spaltenerfillende 
Producte einer in iibereinstimmender Weise zur Geltung gekommenen 
Differenzirung eines plutonischen Magmas. 

Eine hoch wichtige Frage ist es, ob das gluthfliissige Eruptiv- 
magma beim Ubergang in den starren krystallinischer Zustand eine 
Verminderung oder eine Vermehrung seines Volumens erfahrt. 
Gustav Bischof, Mallet und David Forbes haben sich auf Grund von 
experimentellen Untersuchungen bei basischen Fliissen fiir das Ein- 
treten einer Zusammenziehung um ca.1/1o der Masse ausgesprochen, 
womit auch die Entstehung von Contractionsrissen in der verfestigten 
Lava iibereinstimmt. Die vielcitirten Versuche von Barus wurden 
in der Weise ausgefiihrt, dass das feste Gestein zuriickgeschmolzen 
und dabei im Einklang mit dem Vorhergehenden nun eine Volum- 
vermehrung der Schmelze constatirt wurde. 

Die Frage hat aber dadurch wieder die Aufmerksamkeit in hohem 
Grade auf sich gezogen, weil sie bei der neuen Vulkantheorie von 
Stiibel eine wesentliche Rolle spielt. Stiibel laugnet, dass der Druck 
der sich contrahirenden Erdkruste auf den eigentlichen gluthigen 
Erdkern die vulkanischen Erscheinungen bewirke; er halt dafiir 
dass es die in der langsam erstarrenden sog. Panzerdecke der Erde 
restlich erhalten gebliebenen und nestahnlich abgefangenen relativ 
kleinen Reservoirs von gluthfliissigem Magma sind, welche dadurch 
zur Eruption auf einem Ausbruchscanal gelangen, dass bei dem 
Erstarrungsprocess eine Volumvergrésserung eintritt. Da er nun 
aber, angesichts der bisherigen Ergebnisse, es doch selbst als wohl- 
begriindet anerkennen muss, dass wenigstens der Schlusseffect 
umgekehrt in einer Contraction besteht, so glaubt er es als héchst 
wahrscheinlich annehmen zu diirfen, dass innerhalb des Erkaltungs- 
processes cine voriibergehende Phase der Schwellung, der Volum- 
vermehrung, sich einstellt; experimentell ist aber dariiber gar nichts 
bekannt. 

Ein weiteres physikalisch-chemisches Princip, welches petro- 
graphische Vorginge innerhalb der Sedimentgesteine erklart, ist das 
Bestreben, die vorhandene Oberflache fiir eine Summe neben einander 
gelagerter gleichartiger Individuen méglichst zu verkleinern. Nur 
wenn die Beriihrungsfliche zwischen einem Krystall und seiner 


gestattigten Lésung ein Minimum ist, scheint das Gleichgewicht 
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zwischen beiden erreicht zu sein. Befeuchtet man das Pulver lés- 
licher Salze und lisst es langere Zeit stehen, so nimmt die Masse eine 
deutlich krystallinische Zusammensetzung aus grésseren Individuen 
an, ein Theil der kleinen Partikelchen wiachst in seinen Dimensionen 
auf Kosten der anderen, welche dabei als solche aufgezehrt werden. 
Auf ahnliche Weise wird auch durch Rekrystallisation nach solchem 
Gesetz und mit solcher Wirkung die Structurbeschaffenheit der- 
jenigen grosskérnigen Marmore gedeutet, fiir welche es wahrschein- 
lich ist, dass sie friiher ganz dichte Kalksteine dargestellt haben, 
indem unter der Gegenwart kohlensiurehaltigen Wassers die kleinen 
Kérnchen das Bestreben haben, durch gegenseitige Assimilation und 
durch Umlagerung ihrer Moleciile zu gleichartiger Orientirung in 
einander aufzugehen und sich zu grésseren Individuen auszuwachsen. 
Ferner wird so das bisweilen ziemlich grobe Korn der Alteren Salz- 
bildungen verstindlich, wahrend die Absatze der Jetztzeit aus den 
Salzseen fast dicht ausfallen, ebenso das Wachsthum des Gletscher- 
korns vom Firn abwiarts bis zum unteren Ende des Eistroms. 

Da die Petrographie einen Theil der Geologie bildet, so ist die 
enge Verbindung selbstverstandlich; beide erginzen sich gegenseitig 
und eine Geologie ohne Petrographie gibt es nicht, wie auch keine 
Petrographie, welche die auf anderen Gebieten der Geologie gemach- 
ten Enfahrungen vernachlassigen kénnte. Davon hier specieller zu 
reden diirfte jedoch in ahnlicher Weise nicht erforderlich sein, wie 
wenn man das Verhiltniss von Palaeontologie und Geologie ausein- 
andersetzen wollte. 

So steht die moderne Petrographie heute da inmitten eines reichen 
Kranzes angrenzender Wissenschaften, von hiiben und driiben fliesst 
Anregung, Erkenntniss und Belehrung im gliichlichen Wechsel 
zusammen. Wenn aber auch von unserer Wissenschaft kaum das 


stolze Anerbieten an die Nachbarn ausgehen darf: “‘do ut des, ich 
gebe, damit Du gibst,’”’ so lasst sie doch nicht vergeblich und ohne 
ihrerseits zu viel zu versprechen, die bescheidenere Bitte erklingen: 
“da ut dem, gib Du mir, dann gebe ich auch etwas.” 

FERDINAND ZIRKEL. 
Leipzic, GERMANY. 
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AN OCCURRENCE OF GREENSTONE SCHISTS IN THE 
SAN JUAN MOUNTAINS, COLORADO. ' 

In the course of a recent examination of the Needle Mountains 
quadrangle by the United States Geological Survey, a series of meta- 
morphic rocks was encountered that differs in many respects from 
those occurring near by in the Animas Canyon, which have been con- 
sidered to be of Archean age. 

The region is near the southwestern limits of the San Juan Moun- 
tains of southern Colorado, which are made up largely of Tertiary 
volcanic rocks. In that portion which is known locally as the Needle 
Mountains, and which lies in parts of San Juan and La Plata counties, 
the younger lava flows and breccias are absent, and ancient crystal- 
line or metamorphic rocks have been exposed by the dissection of a 
dome-like uplift, in which all of the sedimentary formations, as late 
at least as the last of the conformable Cretaceous beds, have been 
involved. These rocks, which are all of pre-Cambrian age, are 
granites, schists, and quartzites; the ones to be described, which may 
be referred to conveniently as greenstones, occur at the southern 
side of the uplift. 

During a hurried visit to the region in 1901, one of the members 
of the party, who was familiar with the Marquette and Menominee 
greenstones, called attention to the similarity of these rocks to those of 
the Lake Superior region. In the next field season a more detailed 
study was made of the complex, and in the laboratory specimens of 
the Needle Mountains rocks were compared with those collected 
by the late G. H. Williams in the Marquette and Menominee locali- 
ties, as well as with specimens described by Cross from near Salida, 
Colorado, in the Arkansas Valley. 

Occurrence oj the greenstones——The greenstones are found for a 
little over seven miles in a north-and-south direction on both sides of 
Vallecito Creek, midway between its head and the point where it 
joins Pine River. From east to west the area occupied by the green- 
stones is not more than two and a half miles wide at most. To the 

t Published by permission of the Director of the U. S. Geological Survey. 
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north and east they are sharply bounded by fault contacts with 
sedimentary rocks of pre-Cambrian age, or have been intricately 
infolded with them; another fault separates the greenstones on the 
west from a large mass of granite, while to the southward they disap- 
pear beneath the Paleozoic sedimentaries. 

Many of the exposures are of well-banded schistose rocks, and it 
was only natural that they were at first assumed to be a part of the 
great Archean complex of schists and gneisses known to occur near 
by in the Animas Canyon. On closer study, however, it soon became 
evident that there were marked differences between the two series of 
rocks. The Irving formation, as the greenstone complex has been 
named, from Irving Peak, was found to consist, not only of the schists 
first observed, but also of massive basic rocks sometimes possessing a 
porphyritic structure, others partly mashed or brecciated, and a few 
distinctly granular, while no well-defined system of bedding or 
stratification could be made out. All of the rocks are of a dull green- 
ish color and appear to have undergone extensive alteration. At two 
places massive quartzite was found, and at a number of localities 
extremely siliceous schists occur, some of which have undoubtedly 
been derived from quartzites through dynamic metamorphism, while 
others must have been originally granites or closely allied rocks: A 
single band of siliceous magnetite some fifteen feet in thickness was 
also observed near the northern end of the series. 

Most of the exposures are a dull leaden-gray or green, in sharp 
contrast to the lighter-colored granites and quartzites to the north 
and west, and their somber tones add to the gloomy aspect of the 
valley sides which have, in many places, been swept by destructive 
forest fires. The dull monotony is occasionally relieved by dikes of 
bright red granite porphyry or pegmatite near the contact with the 
granite mass to the westward. The only marked variations in the 
Irving formation itself are the comparatively rare occurrences of a 
very light gray gneiss or mashed quartzite. 

Description oj the rocks —The majority of the rocks found in the 
Vallecito section display considerable textural variety, but appear 
to be o° nearly the same mineralogical composition. Hornblende, 
chlorite, epidote, and rarely biotite can be recognized megascopically 


in nearly all, and usually these dark minerals appear to be in excess 
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of the lighter silicates; what feldspar there is has evidently been much 
altered. The most significant features of the rocks in different 
parts of the complex are the variations in texture and structure which 
are conspicuous in the field and still more so when the rocks are exam- 
ined microscopically. As will be shown later, these are due partly 
to original textural differences in the rocks themselves, and in part 
to their dynamic metamorphism that has produced, ‘n some instances, 
finely laminated schists in which all traces of original structure have 
been obliterated. 

In the field and laboratory two distinct kinds of massive rocks 
have been recognized, and transitions between them and the schists 
may be followed in many cases. Rocks of the first kind are granular 
and of a medium texture. The second consist of porphyries with 
phenocrysts of eldspar and hornblende in a very fine-grained ground- 
mass, or are extremely dense, without phenocrysts and resemble the 
finer-grained diabases. A number of rocks of intermediate textures 
have been found, but the two groups may be considered as fairly well 
defined for purposes of description. 

Massive granular greenstone or metagabbro.—Occurrences of 
strictly granular rocks are not numerous. The best examples have 
been found in a restricted area which includes Irving Peak and its 
southwestern flanks near the northern limits of the complex. The 
texture of these rocks is practically the same as that of many medium- 
grained gabbros, the only differences being that laths of plagioclase 
cannot be made out, and that the dark amphibole, although it appears 
to be in the form of blades or lath-shaped crystals, is, in reality, 
fibrous. The average rock is moderately coarse, even-grained, but 
specimens from the summit of Irving Peak show a tendency toward 
the formation of fine-grained segregations richer in hornblende. On 
fresh surfaces the color is a dark bluish- to greenish-gray. 

A microscopical examination shows at once that the rocks are 
more or less metamorphosed. The chief constituents are horn- 
blende, plagioclase, and generally a very little biotite and magnetite. 
The plagioclase is seldom fresh enough to permit of an exact deter- 
mination of its character, but the large extinction angles indicate 
labradorite. The feldspar and hornblende are present in about 


equal quantities in large irregular patches rather than grains. The 
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feldspars seem, in many cases, to have possessed crystal boundaries 
and were often typically lath-shaped. At present, even in the fresh- 
est specimens, they are much altered to calcite, muscovite, zoisite, 
and epidote, and individual grains have been bent and broken, but 
are not crushed. Hornblende, which is, as a rule, quite fresh, is of 
the pleochroic fibrous variety, uralite, and there can be little doubt 
as to its secondary origin; it sometimes appears almost massive, but 
the borders are extremely ragged, and minute blades and needles 
are scattered throughout the rock and often penetrate the feldspar 
areas. Biotite is unimportant and occurs more in the nature of an 
accessory. 

Although from their mineralogical composition these rocks might 
be classed as diorites, and although no trace of pyroxene has been 
found, still from their resemblance to rocks of other regions, especially 
in the Menominee district, where all the stages in the change from 
gabbro to hornblende rock may be observed, they are to be regarded 
as gabbros in a rather advanced state of alteration. 

Porphyritic and fine-grained greenstones.—The mineralogical com 
position of the porphyries and greenstones of finer grain is essen- 
tially the same as that of the granular rocks, the hornblende being 
possibly a little more prominent. Alteration, however, is generally 
more advanced, but strangely enough the original structures are 
often well preserved, even where the feldspars have been completely 
saussuritized or changed to other secondary minerals, and the dark 
silicates have been altered to chlorite. The structure which seems 
to prevail in all of the finer-grained rocks is the ophitic, so typical of 
diabase, in which laths of plagioclase lie, as it were in a groundmass 
of pyroxene and magnetite. In the case of the greenstones the out- 
lines of the feldspar laths are distinct, and the crystals often appear 
to ‘radiate from a central point. What should correspond to pyrox- 
ene is, in the greenstones, either a mesh of uralite needles or chlorite, 
together with smaller grains of undeterminable feldspar and occa- 
sionally quartz. Here, there can be no doubt that the rocks were 
derived from diabase or diabase porphyry by the well-recognized 
change of pyroxene to hornblende and the alteration of labradorite 
to saussurite, accompanied by the development of epidote and 


calcite. 
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Between these altered massive rocks and the finely laminated 
schists, a series of rocks may be found which illustrates the various 
stages of dynamic metamorphism, and satisfactorily proves the close 
relation of the schists and massive greenstones. The bending and 
fracturing of the feldspars is followed by more complete crushing, 
and the hornblende is broken up and redistributed in small parallel 
blades through the rock. In extreme cases recrystallization has 
probably taken place, and the minerals in such rocks are, as a rule, 
much fresher than in many of the less mashed varieties. 

Greenstone schist—The more or less completely schistose rocks 
which make up the major part of the Irving series differ but little 
from many of the schists of the Archean. They are fine-grained 
and well laminated and of a dark greenish-gray color. The micro- 
scope shows them to be made up of pleochroic green hornblende in 
excess of finely granulated feldspar, and usually biotite, a little quartz, 
and magnetite. The parallel arrangement of the minerals, especially 
of the blades of hornblende and biotite, is very striking. Feldspar 
sometimes occurs merely as interstitial grains between the dark sili- 
cates, but usually it is present as a fine mosaic in long-drawn-out 
lenses or bands. In some cases chlorite has completely replaced 
hornblende, and muscovite has been developed at the expense of 
part of the feldspar. 

Siliceous schists —At a number of localities within the greenstone 
area schists and gneisses of a much less basic character have been 
found. They are light gray or nearly white in color, the dark silicate 
is biotite, and the feldspar, when recognizable, orthoclase and micro- 
cline, with only small quantities of plagioclase. Quartz is abundant, 
and the microscope shows that magnetite, muscovite, and rarely 
augite or hornblende, may occur as accessories. In all cases the 
mashing has been sufficient to destroy original textures and develop 
an excellent schistosity or lamination. Except in one or two doubtful 
cases, to be noted later, these rocks appear to have been formerly 
intruded into the greenstones as granites, and subsequently to have 
shared with the older rocks in the mashing and deformation of the 
region. 

The exceptions just mentioned are some unusually siliceous 


rocks whose relations to the greenstones are not altogether clear. 
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Like the others, they are very completely mashed and contain both 
feldspar and biotite, but the amount of quartz is largely in excess of 
that of all the other minerals. The occurrence of massive quartzite 
with the Irving greenstones has already been referred to, and it seems 
more than likely that these siliceous schists are quartzites that lay 
within zones of great mashing and suffered with the rest of the rocks. 

Structure.—It has not been possible to find any evidence of original 
bedding in the Irving greenstones, although frequently, on account 
of their schistosity, the rocks appear to be stratified. This banding, 
though predominant, is not a constant feature, and transitions may 
be observed from schists to unmashed rocks which have the compo- 
sition and textural characteristics of intrusives. In addition to the 
schistosity, which is generally vertical and with a northwest-southeast 
strike, the massive greenstones, more especially near their contact 
with the Algonkian conglomerates and quartzites, have been frac- 
tured and brecciated. These conditions were probably brought 
about at the time that the shearing and complicated infolding took 
place between the Algonkian sediments and the Irving greenstones. 
In a very few cases it has been possible to recognize dikes of compact 
greenstone cutting either coarser rocks of the same sort or siliceous 
schists. 

The petrographical examination of the rocks failed to show that 
they had occurred as surface flows, all of the characteristics being 
those of intrusive rocks. The only possible exceptions are certain 
rocks near the eastern border of the greenstone area. They are con- 
siderably altered and have been mashed, and their field appearance 
suggested that they were flow-breccias or tuffs, with fragments or 
drawn-out lenses of greenish porphyry lying in a dense cementing 
material of a darker color. Unfortunately, decomposition has pro- 
ceeded too far for a microscopical examination to be of value; second- 
ary minerals are about the only ones that can be made out, but the 
texture suggests crushing or mashing. The occurrence of these rocks 
scems to be restricted to the region immediately adjoining the con- 
tact with the Algonkian conglomerates, where, as has been said, 
complicated infolding and fracturing have taken place, and it is more 
reasonable to suppose that these rocks are friction breccias, subse- 


quently mashed, than that they are of pyroclastic origin. 
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Age oj the greenstones.—The oldest rocks in contact with the 
Irving greenstones are the conglomerates and quartzites of the 
Algonkian to the north and east. The actual relations of the two 
formations have been obscured by faulting or infolding, but the 
greater age of the Irving is shown by the quantities of schistose and 
massive greenstone pebbles in the lower portions of the Algonkian 
conglomerate. The character of these pebbles also supplies infor- 
mation in regard to the age of the mashing of the Irving greenstones, 
the greater part of which evidently took place before the deposition 
of the conglomerate. Later movements occurred after Algonkian 
time and resulted in the further fracturing and mashing of the green- 
stones, as well as the lower portions of the conglomerate. 

As to the lower age limits, little can be said with certainty, except 
that the rocks have been less affected by dynamic metamorphism 
than any that are known to occur in the neighboring Archean areas. 
They have been regarded as of early Algonkian age, separated from 
the younger Algonkian sediments by an erosion interval of unknown 
extent. That the Irving, as now exposed, represents but a small 
part of a much greater series of rocks which formerly existed seems 
certain. Evidence of this is to be found in the great thickness of 
Algonkian conglomerates, for, although greenstone pebbles are con- 
spicuous in many places, quartzite débris is more abundant, and 
lenses or beds of magnetite or jasper bowlders are often seen high up 
in the section, all of which indicates the destruction of an earlier 
terrane, the only traces of which that may now be recognized being 
the comparatively rare beds of quartzite and magnetite associated 
with the Irving greenstones. These same remnants are believed to 
be inclusions in the diabase and gabbro which intruded sediments 
that have since been worn down to supply the materials for the 
younger series of quartzites. 

Com parison with rocks of other localities.-—The collection of rocks 
from the Menominee and Marquette regions made by the late G. H. 
Williams, and described by him in a bulletin of the United States 
Geological Survey,’ has been examined in connection with the pres- 
ent study, and a certain similarity between the two series of rocks 

tG. H. Wititams, “The Greenstone Schist Areas of the Menominee and Mar- 


quette Regions of Michigan,” Bulletin No. 62 (1890), U. S. Geological Survey. 














508 ERNEST HOWE 


has been found in a number of cases. Professor Williams states 


that ‘“‘there is considerable evidence to show that the greenstones, 





both of the Menominee and Marquette regions, solidified at the sur- 


face, under subaérial or subaqueous conditions.” There are, how- 

ever, a number of instances where the rocks are clearly intrusive, | 
and it is these that the Irving greenstones most closely resemble. i 
The character of the metamorphism appears to have been the same 
in both regions, and the rocks from which the greenstones were 
derived were undoubtedly very similar. The most. important differ- 
ence is that tuffs and surface flows have been recognized in the Lake 
Superior complex, while no rocks of this nature have been seen in the 


Irving. Flows or fragmental deposits of igneous origin may, of 





course, have been originally present, but all traces have been 
destroy ed. 

The Irving greenstones and those occurring near Salida in the 
Arkansas Valley, some 125 miles to the northeast, possess a number 
of common characteristics; in fact, the description by Mr. Cross' of 
the hornblendic members of the Salida rocks might be applied directly 4 
to those in the Needle Mountains. In both localities granular horn- 
blendic rocks occur and also denser rocks in which the microscope 
reveals an ophitic structure. The only rocks found in the Salida 
section which differ greatly from those of the Irving are ones which 
are in some instances sufficiently well preserved to indicate a struc- 
ture and composition like that of rhyolite, and which in extreme cases 
of metamorphism suggest finely mashed micaceous quartzites. There 
are not sufficient data in regard to the field occurrence of these rocks 
to make it possible to say whether they were originally surface flows 
or intrusives, but in regard to the series as a whole, Cross is inclined 
to believe that they represent “a great series of surface lavas erupted 
in Algonkian time.” 

In a recent monograph of the United States Geological Survey, h 
Bayley? has redescribed the greenstones of the Menominee region 
under the name of “Quinnesec schists” and has referred them to 


t On a Series of Peculiar Schists Near Salida, Colorado. Proceedings of the 


Colorado Scientific Society, Vol. IV (1893), pp. 286-93. 





2 W. S. Bay.ey, “The Menominee Iron-Bearing District of Michigan,’’ Mono- 


S. Geological Survey. 


graph 46 (1904), U. 
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the Archean. The greenstones of the San Juan Mountains are most 
clearly associated with Algonkian rocks, and, aside from their litho- 
logical similarity, there seem to be no good reasons for attempting 


to correlate such distant occurrences as the Quinnesec and Irving 


schists. 
ERNEST Howe. 
WASHINGTON, D. C, 











AN OCCURRENCE OF TRACHYTE ON THE ISLAND OF 
HAWAIL.' 


Tue Hawai an Islands are commonly described as consisting almost 
wholly of basaltic lavas, though in truth there is a known wide range 
in the rocks thus broadly characterized. These lavas have issued 
as flows from many centers, building up great volcanic mountains. 
The eruptions have continued for a long time with gradually shifting 
scene of action, and agencies of degradation have reduced some ancient 
basaltic mountains to mere reefs, while other volcanic piles are now 
like deeply dissected models, showing their constitution to the very 
core. With all this opportunity to examine the products of Hawaiian 
volcanoes of various epochs and at many centers, no one has, to the 
writer’s knowledge, found and described any other than basaltic or 
related lavas as existing in the entire group. However, during the 
summer of 1902, while the writer was engaged in a reconnaissance 
of the Hawaiian Islands for the Geological Survey, he was fortunate 
enough to discover an occurrence of trachyte which, from several 
standpoints, seems to merit description. 

The locality at which this unique rock was found is on the island 
of Hawaii, at the northern base of Mount Hualalai, one of the great 
basaltic volcanoes of the island, the last eruption of which took place 
in 1801, from a low-lying point near that at which the trachyte 
occurs. The accompanying map shows the geographic position of 
the trachyte locality. 

Mount Hualalai is a basaltic cone of the Mauna Kea type, rising 
8,000 feet above the sea, consisting mainly of lava flows, but dotted 
with numerous small cinder cones and punctured by perhaps as many 
remarkable “pit craters.” The cinder cones are most numerous 
near the summit of the mountain, and, so far as the writer is aware, 
the products of all these recent and local outbursts are basaltic in 
character. The later lavas on the northern slope are olivine-rich 
plagioclase basalts. 

t Published with the permission of the Director of the United States Geological 
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Near the northern base of Mount Hualalai is a tuff cone, notably 
larger than those on the upper slopes of the mountain, and forming a 
very striking feature of the landscape as seen from the north. This 
cone, called Puu Waawaa, seems at first, like many others, an excres- 
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Fic. 1 Map of a portion of the island of Hawaii. 


(From map issued by Hawaiian Government Survey.) 


cence on the surface of the larger volcano, but the material of which 
it is made is the trachytic lava to be described, and it is a matter for 
future observation to determine whether the situation relative to 
Mount Hualalai is not, as the writer suspects, quite a matter of 
chance. The base of Puu Waawaa is at about 3,300 feet above the 
sea and its summit several hundred feet higher. Adjacent to the 
cone of Puu Waawaa on the north, and extending west of north for 
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three miles, is a very clearly defined bench or terrace with abrupt 
western border and northern end. A small point on its surface gives 
the name Puu Anahulu. This bench is indicated on the map by the 
hachures marking its steep western slope. 

On the south the terrace of Puu Anahulu merges with the low 
grade slopes of Mount Hualalai and on the east with the surface of 
still smaller angle down which lava flows have come from Mauna 
Loa, some thirty miles away. Some of the late flows from Mount 
Hualalai have spread over the terrace, and in places have fallen in a 
stony cascade down the steep western bank. Others from the same 
source have passed between the terrace and the cone of Puu Waawaa. 
Some from Mauna Loa have also poured over portions of the bench 
or passed around its northern end to the sea. Puu Waawaa has been 
encircled by lavas from Hualalai which have cut it off from the 
terrace. 

The terrace bench of Puu Anahulu is made up, so far as obser- 
vations go, of an agglomeratic aggregate of large and small fragments 
of the rock to be described. In general, this rock is much decom- 
posed by kaolinization, only the larger fragments still consisting in 
part of dark gray material. The softer, light-colored rock has been 
used for road metal on the new government road from Waimea to 
Kona, which passes over this bench. Both the bleached and the 
darker rock exhibit a rude schistosity due to a parallel arrangement 
of minute feldspar tablets, like that common in phonolite and in some 
trachytes. 

Puu Waawaa is scored by numerous radial ravines penetrating its 
slopes for fifty feet or more, and in all of them examined the typical 
structure of a tuff cone is revealed. The cone seems to be made up 
of tuffs of varying texture, well stratified, and dipping nearly with the 
slope of the cone. Most of the tuff is made up of ash or fine gravel, 
with angular fragments irregularly distributed through it, which 
rarely exceed a few inches in diameter. 

The fragments consist of brown pumice, dark aphanitic, or black 
obsidian-like rocks, with some showing a mingling of the latter 
materials. The dark aphanitic fragments are not unlike some dense 
basalts of the island in appearance, yet resemble also the freshest 
rock from the bowlders of Puu Anahulu. ) 
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Thin sections of the obsidian show it to be a colorless glass contain- 
ing streams of feldspar microlites in some parts and free from them 
in others. The dull aphanitic streaks and masses are largely crystal- 
line, with more or less of fine magnetite dust and ferritic globulites, 
and a colorless glassy base of variable amount. 

To ascertain the chemical character of this rock an analysis was 
made by Dr. Hillebrand of the black glassy portion, with the result 
given in column 1 of the subjoined table. It is clearly an almost 
anhydrous, trachytic obsidian of close relationship to many other 
known rocks, of which analyses are also given in the tables, a resem- 
blance which will be discussed in a later paragraph. 

There is every reason to suppose that the associated pumice is of 
the same character as the obsidian, since no other rocks were observed 
among the fragments of the tuff.’ 

Turning now to the rock occurring in fragments at Puu Anahulu, 
microscopical examination shows it to be a felsitic trachyte, holo- 
crystalline in the specimens examined, of typical trachytic texture. 
The feldspar microlites forming the greater part of the rock are 
mainly very small, averaging but 0.02-0.05™™ in thickness, less 
than 1™™ in length, and, while some are prismatic, many are more 
or less tabular in shape, causing by their nearly parallel fluidal 
arrangement the characteristic semi-schistose texture of the rock, 
which has already been commented upon. 

The feldspars are fresh, and among them may be recognized 
sanidine, anorthoclase, and probably albite. The sanidine forms 
somewhat larger microlites than the anorthoclase and albite, but a 
distinct porphyritic texture was not observed. 

The feldspars make up more than four-fifths of the trachyte. The 
norm of the obsidian analyzed indicates a possible content in nephe- 
lite for the perfectly fresh rock, but a careful search for this mineral 
failed to reveal it in the sections of the somewhat altered Anahulu 
trachyte. The remainder of the rock consists of magnetite and 
apatite, in small amounts, and two or more undetermined minerals 
which occur for the most part in the angular interstitial spaces between 

t The writer’s observations at Puu Waawaa were necessarily quite limited and 
leave much to be desired. He did not have time to explore the cone thoroughly, but 


from the facts noted on the north and east slopes, it seems probable that Puu Waawaa 


is composed solely of tracyhte tuff. 
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ANALYSES OF HAWAIIAN TRACHYTES AND ALLIED ROCKS. 
Ne I 2 3 4 5 6 58 

mO, 62.19) 62.11) 64.28) 62.70) 60.50 57-52 60.39) 63.09 
ALO 17.43 [5-97| 10.40) 16.86) 18.46 22.57) 18.44 
Fe,O t.65)w22.97 2.91 3-34, 1.67) 2.23) 0.42) 2.90 
FeO >. 64 3-15) 2.35! 2.54) 2.44) 2.26) 1.26 
MgO } >3, 0.79) ~«=4F.-I 1.08 ».13) 0.16 
CaO SO >. 85 >.55 95 2.95 2.12} 0.32 1.00 
Na.O S.258 6.30 7.28 7.13 6.46 7.55 5.44 7.25 
K,0 5-03; 4-52) §.07' 5.25) 5.42) 4.08 77| 5-23 
H,0 4 39 | 0.2 7 1.40) 1.80) 0.57! 0.62 
H,O 14/}' . 0.21 
co >) trace 0.7 trace 
rio 37 5¢ 9.Q2 0.75 ©.092 0.45 
ZrO } 
P,O 14 08 0.21 0.21 
SO, none 
Cc] >.12 
Cr,O trace 
NiO none 
MnO 32 trace 0.20 0.08 
saO 3 none 
SrO non trace 
Li,O trace trace 

99 -93 100. 33 100.53 100.77) 99.64) 99.95|100.77 

No 9 I 11 12 13 14 I 16 

SiO 61 %, 06.22 63.24) 66.50 62.20) 60.11 63.70 66.06 
\l,O 15.71) 16.22) 17.98) 16.25) 17.45] 19.01 17.37) 16.46 
Fe,O 1.g! 1.98 2.67 2.04 3. Ox 4.63! o.10 2.25 
FeO 63 160 SS 0.19 ©. 37 I.1! 1.10 
MgO >». 08 77; 0-03) 0.18) 0.75] 0.23) 0.93) 0.19 
CaO 1.58 1.32) 0.93 35 1.4 °.66 I.72| 0.79 
Na,O 5.605 6.49 0.27 7.52 6.900 6.53 6.60 0.351 
K,O0 +-93) 5-70 5.47) 5.53) 5.88) 5.36) 5.97| 5.52 
H,O0 4 >. 21 >. 24 &c >.5 ©.50) 1.37) 0.40 . a 
H,O 8} 0.37 \ 
CO, 0.84 
rio, 18 22 38 72, 0.46) 0.96 o 
ZrO, 
P,O,. 10} 0.22 0.16 
SO, 2 
Cl 12 j 
Cr,O0 non 
NiO 
MnO 04; 0.20 0.37) 0.55 
BaO 5 20 0.25 
Sri) 6 0.03 
Li,O trace 

99.50 99.97/100. 14/1 07} 99.25, 100. 35 
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LIST OF ROCKS IN TABLE OF ANALYSES. 
Rock Locality Analyst 
tr. Trachyte obsidian Puu Waawaa, Hawaii W. F. Hillebrand 
Trachyte Puu Anahulu, Hawaii W. F. Hillebrand 


3. Glaucophane-sélvsbergite| Cape Ann, Massachusetts H. S. Washington 
3. Hornblende-sélvsbergit« Laugendal, Norway L. Schmelck 
5. Hedrumite Ost6, Norway V. Schmelck 
6. Foyait Gran, Norway L. Schmelck 
7. Litchfieldite Litchfield, Maine L. G. Eakins 
8. Pulaskite Salem Neck, Massachusetts H. S. Washington 
g. Phonolite Devil’s Tower, South Dakota.| L. V. Pirsson 
10. Quartz-syenite-porphyry Searpaw Mountains, Mon 
tana H. N. Stokes 
11. Biotite-trachyt Yellowstone Park, Wyoming .| W. F. Hillebrand 
12. Lestiwarite Laugendal, Norway V. Schmelck 
13. Nordmarkite Tonsenas, Norway G. Forsberg 
14. Bostonite Laugendal, Norway V. Schmelck 
15. Pvroxene-syenite Kunsamo, Finland N. Sahlbom 
16. Riebeckite trachyte Berkum, Germany H. Laspeyres 


the feldspars and much less abundantly in minute stout prisms. 
The two most distinct minerals are respectively colorless and clear pale 
yellow, of strong refraction and double refraction, approximately like 
diopside or acmite. Extinction is parallel for the colorless prisms and 
never more than 10° for the yellow ones. There is no visible pleo- 
chroism in either, hence lovenite seems to be excluded. The norm 
of the glassy rock shows the acmite molecule, but no recognizable 
acmite, aegirite, or riebeckite has been noticed. As the analysis 
shows zirconia and titanic acid in determinable quantities, it is 
possible that rare or unknown zirco- or titano-silicates are present. 
Clear glass and dark globulitic areas are present in small amount. 

A glance at this trachytic rock suggests its close relationship with 
the obsidian of Puu Waawaa. It is not sufficiently fresh, as to its 
dark constitutents, to warrant full analysis, but the feldspars are only 
slightly attacked, and a partial analysis by Dr. Hillebrand, given in 
column 2 of the table, demonstrates sufficiently the practical identity 
of the two rocks. 

The position of the obsidian in the Quantitative Classification of 
Igneous Rocks* is shown by the norm calculated from the analysis, 
which is as follows: 

t WHITMAN Cross, JosePH P. IppINGs, Lous V. Prrsson, AND HENRY S. WASH- 


INGTON, Quantitative Classification of Igneous Rocks, Chicago, 1903. 
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Orthoclase 29.47 | Salic molecules, 86.74 
Albite - 51.87 > Sal. 
. , : - =6.92 
Nephelite 5.40 | Fem. 
Acmite 4.62 
Na,SiO, 0.61 
Diopside 2.88 
Olivine 62 art 
Dlivine 2-°3 > Femic molecules, 12.45 
Fayalite o.61 
Ilmenite 0.76 
Apatite 0.34 
99.19 
Etc. - 0.62 
99.81 


As the ratio between salic and femic molecules of this norm is 
6.92:1, or slightly less than 7:1, the rock falls within the Dosalane 
Class. Since the feldspars predominate over nephelite to an extreme 
degree and there is no anorthite in the norm, the rock falls in the per- 
felic order germanare, and the peralkalic rang umplekase. Soda 
strongly dominates potash, and thus the glass belongs in the subrang 
um ptekose, but is so close to the corresponding subrang of the Persa- 
lanes that the position is best shown by the name nordmarkose- 
um plekose. 

The partial analysis of the trachytoid rock shows that to belong 
also in the subrang um plekose. 

Local interest oj the discovery—The discovery of this lava rich in 
alkali feldspar, so far removed petrographically from the basalts and 
allied rocks hitherto supposed to be the only products of volcanoes 
on the island of Hawaii, raises primarily a question of much local 
interest. The modes of occurrence, described above, suggest that 
there may have been quite extensive eruptions of these lavas. Unfor- 
tunately, these rocks were found just at the close of my visit to the 
island of Hawaii, and I was unable to search for further occurrences. 
The terrace-like bench of Puu Anahulu is certainly a remnant of a 
topography carved out of the trachytic rock, and it may well be that 
beneath the basaltic flows from Mauna Kea, Mauna Loa, and 
Mount Hualalai there is an ancient trachytic island. So far as I am 


aware, however, no fragments of trachyte have been found in the 
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more recent basaltic lavas. In those of Mount Hualalai I observed 
only inclusions of dunite, olivine-gabbro, pyroxenite, and _ basic 
augite-andesites. 

If further exposures of the trachytoid rocks are found, it seems 
to me probable that they will be in the area of the Waimea plain 
which extends practically from Puu Anahulu for twenty miles north- 
easterly to the north base of Mauna Kea, or in the northern and 
oldest basaltic section of the island, the Kohala Mountains. 

Trachytic cones like Puu Waawaa may exist near the bases of 
Mauna Kea or Mount Hualalai. Their materials, if of the black 
glass or aphanitic rock described, might naturally be considered as 
basaltic, if not subjected to chemical examination. 

Puu Waawaa has the appearance of being a cone built up by 
explosive eruption of one short period, like the scores of basaltic 
cones which dot the slopes of Mauna Kea and Mount Hualalai, and 
which seem to belong to a period of local volcanism following that of 
lava outpourings. The materials of Puu Anahulu is agglomerate- 
like and is certainly not a part of a simple flow, but its crystalline 
texture shows also that it is not like the tuffs of Puu Waawaa. In all 
probability, therefore, there was in the comparatively remote past of 
the island of Hawaii a period of trachytic eruptions of a magnitude 
not now to be ascertained, but possibly of much importance. 

A broader significance of this discovery is connected with the 
history of the Hawaiian group. While no one of the larger Hawaiian 
islands has been thoroughly investigated as to the range in com- 
position of the lavas which have built it up, it is hardly probable 
that trachytoid rocks occur upon them. It is, therefore, highly inter- 
esting that the most recent island of the group, Hawaii, should 
exhibit this unique rock. 

In discussion of this question, it must be understood that the 
island of Hawaii is not only the largest, but is also, in the current 
view, the youngest, and lies at the extreme southeastern end ofa 
zone of oceanic islands which geologically belong together, extending 
for fifteen hundred miles or more to the west-northwest, toward the 
coast of Japan. The larger islands, commonly referred to in speak- 
ing of the Hawaiian group, are all located in the eastern end of this 
zone. ‘The smaller ones, stretching out for more than a thousand 
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miles, farther, are, in part at least, known to be remnants of former 
volcanic piles now reduced by erosion in some cases to mere reefs. 
So far as I have found statements concerning this long train of islets, 
they are basaltic, excepting the coral-reef rock. The inference drawn 
by many geologists who have considered the matter is that all these 
islands are the products of a long cycle of volcanic eruptions producing 
similar lavas. It appears to me plausible to assume that the earliest 
eruptions occurred at or near the western limit of this zone, and that, 
in a general way at least, the centers of activity have developed suc 
cessively farther and farther to the east or southeast, until now the 
only active loci of eruption are those of Mauna Loa and Kilauea on 
the island of Hawaii. 

A somewhat different view was taken by J. D. Dana, who has 
said: 

There is reason for believing that the fires along the Hawaiian line broke out 

all together at some time in the long past, but only Hawaii has kept on piling 
up lava streams from that remote time of outbreak until now, and hence has come 
the altitude of these loftiest volcanic mountains of the Pacific." 
Dana recognized, however, that Kauai and Oahu, the most north- 
westerly of the larger islands, exhibit great erosion. It is also a fact 
that both these islands are dotted by cinder cones, some of them with 
craters of model-like form, situated in such independent relation to 
the topographic forms produced by the great erosion that their later 
age is unquestionable. 

Whatever the point of first eruption may have been, this volcanic 
cycle began in a remote geologic epoch, not now determinable, but 
there are grounds for believing that it may well have been in the 
early part of the Tertiary period. The chief evidence bearing on 
this point consists in the destruction of the older centers by enormous 
and long-continued erosion, the existence of the later tuff cones men- 
tioned, and the fact that the raised reef of beach deposits abutting 
against the Diamond Head crater, on the island of Oahu, contain 
fossils considered by Dr. W. H. Dall to be of late Pliocene or early 
Pleistocene age. The crater of Diamond Head, however, is but one 
of many small centers of tuff eruption, belonging to the comparatively 
recent and feeble epoch of volcanic activity. Oahu may be, more- 
over, one of the younger islands of the long Hawaiian chain. 


t Characteristics of Volcanoes, pp. 357, 358. 
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The magnitude of the erosion by which the mountains and valleys 
of Kauai and Oahu have been carved out of former basaltic piles can- 
not now be measured. All writers upon these islands have recognized 
that erosion has been great. The imposing cliffs or pali which face 
the sea upon both islands, the canyons with walls 2,000-3,000 feet in 
height, the general ruggedness of mountain contours, are comparable 
in scale with the same features of the Rocky Mountain country. The 
erosion periods of the two districts must also be comparable. ‘The 
former volcanic centers are rudely indicated by the attitude of lava 
flows, but enormous sections of the old volcanoes have been engulfed 
by faulting or wholly destroyed by erosion. 

The discovery by Dall of marine fossils in a raised reef or beach 
rock about Diamond Head, the well-known tuff crater near Honolulu, 
fixes a datum point in the history of Oahu which is manifestly of 
great importance. Close determination of the age of the fossiliferous 
deposit is at present impossible because, to quote Dr. Dall, 
we have no standard of comparison in the whole Polynesian region by which the 
species could be compared with those of Tertiary beds of known age; but the 
fossils have every characteristic of those generally assigned to the Pliocene or 
upper Miocene in their general aspect, and state of fossilization. . . . . To sum 
up, it is concluded that the reef rock of Pearl Harbor and Diamond Head lime- 
stones are of late Tertiary age, which may correspond to the Pliocene of west 
American shores, or even be somewhat earlier.' 

The view of Dr. Dall that “the whole mass of Diamond Head 
had been slowly deposited in comparatively shallow water and 
gradually elevated without being subjected to notable flexure” 
seems to the writer incorrect for various reasons, some of which 
have been pointed out by Dr. J. C. Branner? and Dr. S. E. Bishop.3 
This point is not here at issue, for whatever the relations of the 
marine deposits to the Diamond Head tuffs, they exist and are younger 
than the great erosion of Oahu. Even if of early Pleistocene date, 
they indicate that the enormous denudation of the Oahu volcanoes 
must be referred to the late Tertiary and the lava eruptions themselves 
to a still earlier period. 

From the considerations above presented it appears that the 

t Loc. cit., pp. 58, 60. 
2 American ourna! of Science, Vol. XVI (1903), pp. 306, 307. 


3 American Geologist, January, 1got. 
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Hawaiian volcanic province was characterized by basaltic or allied 
lavas for a very long geologic period, and that in comparatively 
recent times the first highly siliceous and feldspathic magma appeared. 
Even now the basaltic emissions continue with no known recurrence 
of the trachytic magma. 

General significance oj the occurrence—The long sequence of 
basaltic or allied lavas, which has probably occupied a long geologic 
period, is in striking contrast with the succession of widely differing 
lavas, ranging from highly siliceous and alkalic rocks like rhyolite 
or trachyte, to basic basalts, produced during the same time in 
various continental provinces adjacent to the Pacific Ocean. To be 
sure, there is much greater variety in the dark Hawaiian lavas than 
is implied in the common term given them, but this trachytic magma 
is certainly highly exceptional, if indeed there has ever been another 
eruption of equally salic material in the history of the group. 

To the modern petrographer this occurrence must at once suggest 
many interesting problems of petrogenesis. One of these will be the 
query as to whether magmatic differentiation has produced this 
unusual lava or not. The extreme advocates of this process, con- 
cerning which so much has been assumed and so little proved, will 
no doubt treat it as a matter of course that this magma, so exceptional 
for the Hawaiian province, is one of the complementary products of 
differentiation. This view has, however, not much to support it in 
the history of the older centers, and until further examination of the 
chemical characters of the “basalts” of this province have been made 
elaborate discussion of this point has no good foundation. - It remains 
a matter for speculation as to why the process of differentiation has 
not long ago produced a greater variety of lavas, or, assuming that 
the differentiation has taken place, why the products have not been 
emitted at the more recent centers of volcanic activity. Directly 
connected with these questions arises also that of possible funda- 
mental differences between the subjacent magmas of the Hawaiian 
and the continental provinces. 

In all of these problems the relations of the Hawaiian trachyte to 
similar rocks of other localities will be of use. The table already 
presented gives a series of analyses of allied rocks, and in that follow- 


ing are the norms calculated from those analyses. The latter table 
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brings out the fundamental chemical relations of these varied rocks 
and their positions in the Quantitative System oj Classification. The 
current names assigned to these rocks are those of the authorities 
quoted. 

The nordmarkose-umptekose rock of Hawaii is shown by the 
table to be nearly akin in its chemical characters to other rocks of 
varying occurrence and texture in widely separated parts of the 
world. The textural differences and those due to the distinguishing 
réles played by quantitatively subordinate constituents have led to a 
variety of names, obscuring the fundamental similarity of the magmas. 

Considering the trachyte of Puu Waawaa as a possible differen 
tiate of an underlying parent magma, it is interesting to note that the 
associations of the chemically similar rocks of the table are widely 
different. Several of the rocks compared belong in the grorudite 
tinguaite series described by Brégger from the Christiania region of 
Norway.’ Others are from the similar petrographic province of 

NORMS OF ROCKS COMPARED WITH THE HAWAIIAN TRACHYTE. 


UMPTEKOSE 








~ > 2x 
Y 3 .e&a 
£2 > | =38s 
Sa 5 2 be . & 
MOLECULES SE 7 « £5 VE 
OF NORM 9 < 2.08 = s 
Zz a4 3 Ge 
& « z = ae 
35 ij al is 
BSG) =~ Z * 6, 
=) & oS 
fie ee = 
Corundum / 
= | (Quartz 2 ere 
=5 | Orthoclase 23.9 31.1 32.2 | 30.0 | 29.5 
ae Albite 50.3 55.0 $0.1 53-4 51.9 
a Nephelite 7-4 4.5 | 5-4 
Anorthite , ae 1.4 0.8 
ia Acmite (& Na, SiO;) 1.6 6.9 S.2 
25) Other silicates 7.91 $.0 1 2.7 6.5 5.5 
a Oxides of iron, et« 4.9 ‘.3 3-7 1.0 1.1 
2 | Apatite 
Titanite, ete 
Total salic molecules ‘ , 86.0 | 86.1 | 84.6 | 85.4 | 86.8 
Total femic molecules ; .| 22.13 3. | €4.4 | 85.0 |] 28.8 


t Die Eruptivgesteine des Kristianiagebietes, ‘Die Gesteine der Grorudit-Tin- 


guait-Serie” (Kristiania, 1894). 
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NORMS OF ROCKS COMPARED WITH THE HAWAIIAN TRACHYTE—(Cont'd 


NORDMARKOSE 
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Essex county, Mass., where there is a great variety of rocks, dis- 
cussed in their genetic relations by Washington.* No one of the rocks 
of the table occurs in an association comparable with that of the 
Hawaiian trachyte. The occurrence here described seems to be a 
notable one, requiring consideration from the advocates of the view 
that a natural or genetic classification of igneous rocks may be worked 
out from the study of their associations. The recent tabulations of 
chemical analyses of igneous rocks by Washington? and Iddings,3 

« “The Petrographic Province of Essex County, Mass.,’”’ Journal of Geology, Vols. 
VI and VII (1898, 1899). 

2 “Chemical Analyses of Igneous Rocks, 1884-1900,” Professional Paper No. 14 
(1903), U. S. Geological Survey; “The Superior Anlayses of Igneous Rocks from 


Roth’s Tabellen, 1869-1884,” Professional Paper No. 28 (1904), U. S. Geological 
Surve v. 


‘The Chemical Composition of Igneous Rocks, Expressed by Means of Dia 
grams, etc.,”’ Professional Paper No. 18 (1903), U. S. Geological Survey. 
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according to the Quantitative System, bring out many similar signifi- 
cant facts, to be taken into account in this discussion. They show 
the essential identity of many magmas having widely different asso- 
ciations, and indicate that the designation of a given rock or magma 
as belonging in the train (Gejolgschajt) of certain parent magmas 
can at most be true only of certain peculiar or aberrent modifications, 
as a complete statement available for systematic classification. 
WHITMAN Cross. 











PHYSIOGRAPHIC PROBLEMS OF TODAY.: 

In looking ahead and endeavoring to see in what ways our knowl- 
edge of the earth’s surface can be increased, the fact should be borne 
in mind that physiography is one of the younger of the sciences. In 
truth, the new geography, or physiography as it has been christened, 
is of such recent birth that its limits and its relationship to other 
sciences are as yet in part, indefinite. Accepting the conservative 
view, that physiographers should confine their studies to the earth’s 
surface, but have freedom to investigate the causes producing changes 
of that surface, whether coming from without or arising from forces 
at work within the earth, my task is to suggest ways in which man’s 


knowledge of his dwelling-place may be enlarged. 
INHERITANCES. 


Although the scientific study of the earth’s surface can with suffi 
cient accuracy be said to be less than a century old, and to have 
attained the greater part of its growth during the past half-century, 
the fact must be freely admitted that, preceding the recognition of 
physiography as one of the sisterhood of sciences, there was a long 
period of preparation during which man’s physical environment, and 
the many changes to which it is subject, attracted attention and 
awakened interest. The more or less general and diffuse descriptions 
of the earth’s surface embraced under the term “ physical geography,”’ 
when vivified by the idea of evolution, became the more definite and 
concrete physiography of today. Physiography from this point of 
view may perhaps be justly designated as scientific physical geography. 
New thoughts grafted on the previously vigorous stem have borne 
rich fruits, but in many instances inherit much of their flavor from 
the original trunk. One of the important duties of the physiographer 
is to select all that is of value from the inheritance that has come to 
him, whether of fact, or theory, or suggestion and give it a place in his 
systematically classified records. 

t Read before the section of Physiography, International Congress of Arts and 
Science, Universal Exposition, St. Louis, September 21, 1904. 


524 


























PHYSIOGRAPHIC PROBLEMS OF TODAY 525 


In the physical geographies on our library shelves, in books of 
travel, in transactions of learned societies, etc., pertaining to the era 
preceding the time when physical geography became a science, there 
are numerous records of facts, concealed perhaps in part in dreary 
cosmogonies and exuberant theories, which in many instances are of 
exceptional value because, in part, of the date at which they were 
observed. One of the leading ideas in scientific geographical study 
is the recognition of the wide-reaching principle that changes are 
everywhere in progress. Many, if not all, of the changes referred to 
have an orderly sequence, and constitute what may be suggestively 
termed life-histories. In writing the biographies of various features 
of the earth’s surface the observations made a century, or many cen- 
turies, ago have a peculiar, and in some instances an almost price- 
less, value, because of the light they furnish as to the sequence of 
events. In this and yet other ways the records left by past generations 
of geographical explorers contain valuable legacies. In attempting 
to winnow the wheat from the chaff of physical geography, the physi 
ographer should avoid the conceit of youth, and fully recognize the 
work of the bold and hardy pioneers who blazed the way for the more 
critical and better-equipped investigators who came later. 

NOMENCLATURE. 

One of the reasons for the slow growth of knowledge concerning 
the earth’s surface during the centuries that have passed was the fact 
that the objects which claimed attention were, to a great extent, desig 
nated by terms derived from popular usage. The language of 
geography, in large part of remote antiquity, was adopted from the 
parlance of sailors, hunters, and others in the humbler walks of life, 
and retained its original looseness of meaning. The change from 
geographical description to scientific analysis, which marked the birth 
of physiography, necessitated greater precision in the use of words. 
This change is not yet complete, and physiography is still hampered 
in its growth and usefulness by a lack of concrete terms in which 
tersely and accurately to state its results. In the nomenclature of 
physiography today the words inherited from physical geography by 
far outnumber the technical terms since introduced, and to a large 
extent still retain the indefiniteness and lack of precision that charac- 
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erize the multiple sources from which they were adopted. One of 


the pressing duties of the scientific student of the earth’s surface, and 
one which on account of its many difficulties may well be reckoned 
among the physiographic problems of today, is the giving of fixed 
and precise meanings to the words employed in describing and classi- 
fying the features of the earth’s surface A scientific physiographical 
nomenclature is of importance, not only to the special students of the 
earth’s surface, but through them to communities and patrons. The 
diverse interpretations that have been given to such seemingly simple 
terms as “shore,” “lake,” “river,” “hill,’’ “mountain,” “divide,” 
etc., as is well known, have led to misunderstandings, litigations, 
international disputes, and even threatened to bring on war between 
highly civilized nations. A duty which physiographers owe, not 
only to their science in order that its continued advancement may be 
assured, but to communities in payment for the terms borrowed from 
them, as well as for the general good, is a systematic effort accurately 
to define the words and terms now used to designate the features of 
the earth’s surface. Careful attention needs to be given also to the 
coinage of new terms when their need is definitely assured. An 
appropriate task for a group of physiographers would be the prepara- 
tion of a descriptive geographical dictionary, suited to the wants of both 
the specialist and the layman. 

While considering the advantages of a language of science, its 
disadvantages should also be recognized. 

The histories of all sciences show that, as they became more and 
more precise, and as their nomenclature grew so as to meet their 
internal requirements more and more completely, they at the same 
time, on account of the very precision and accuracy of their language, 
became more and more circumscribed and farther and farther removed 
from the great mass of humanity for whose use and benefit they exist. 
Not only this, but a science dealing with facts of vast public importance 
and filled with instructive and entertaining matter—nay, in itself 
even poetic and as fascinating as the pages of a story-book—has, in 
not a few instances, been rendered difficult to understand, and even 
repellant to the general reader, by a bristling array of esoteric terms 
built about it like an abatis. 

Between the two extremes—on the one hand, a science without 




















PHYVSIOGRAPHIC PROBLEMS OF TODAY 


su 


a | 


words in which to speak concisely and accurately, the condition in 
which the physiographer finds himself at the present time; and, on 
the other hand, a science with a language so technical and abstruse 
that it seems a foreign tongue to the uninitiated—is there not a happy 
mean? Such a much-to-be-desired end seems to be within the grasp 
of the physiographer. By giving precision to, and defining the bounds 
of words inherited from physical geography, and adding to the list 
such terms as are strictly essential in the interest of economy of time 
and space, or for accuracy—such contributions, so far as practicable, 
to be chosen from the language of everyday life—it would seem as if 
a nomenclature could be formulated which would at the same time 
meet the requirements of the scientific student and enable the general 
reader of average intelligence to receive instruction and inspiration 
from the talks and writings of the especially qualified interpreters of 
nature. 
EXPLORATION. 

Physiography, to a great extent, is still in the descriptive stage of 
its development, but the descriptions demanded are such as discrimi- 
nate and select the essential, or suggestive, from the confusing wealth 
of secondary details frequently present. The records should also 
include comparisons between the objects described and analagous 
topographic or other physiographic features, and, within safe and 
reasonable limits, be accompanied by explanations of their origin and 
life-histories. 

One of the important functions of physiography, as a more mature 
growth of physical geography, is to continue and render more com- 
plete the exploration of the earth’s surface and to conduct resurveys 
where necessary. Geographical exploration has, as is well known, 
been carried on viogrously, although spasmodically, in the past, and 
the areas marked “unknown” on our globes have become smaller and 
smaller, and more and more isolated. The more critical physiographic 
studies, however, which have for their object not only the descrip- 
tion of coast lines, mountain ranges, plains, etc., but a search for 
the records of their birth, the discovery of their mode of development 
and their assignment to a definite place in the complex whole, termed 
man’s environment, has progressed but slowly. In this stricter sense, 


the unknown areas on the earth’s surface embrace regions of continental 
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extent. It is this latter method of geographical exploration and 
survey which now demands chief attention. 

The terms “exploration” and “survey” are here used advisedly, 
as two divisions of physiographic field-work may justly be recognized. 
These are: first, travel in which physiographic observations are inci- 
dental to other aims, or perhaps the leading purpose in view, as during 
a physiographic reconnaissance; and, second, detailed surveys and 
critical study of definite areas or of concrete problems. Each of these 
subdivisions of the great task of making known the beauties and 
harmonies of man’s dwelling-place has its special functions. 

From the observant traveler we expect comprehensive and graphic 
descriptions of the regions visited, rendered terse by the use of well- 
chosen terms, in which the more conspicuous elements of relief, and other 
physiographic features, and their relation to life, shall be clearly and 
forcibly presented. In order to render this service, the traveler should 
not only be familiar with the broader conclusions and fundamental 
principles of physiography, but skilled in the use of its nomenclature. 
The chief contribution to the science of the earth’s surface demanded 
of the explorer of new lands is a careful record of facts. When a 
journey becomes a reconnaissance with physiography as its leading 
feature, it is not only an advance into a more or less unknown region, 
but an excursion into the realm of ideas as well. It is during such 
explorations, when one’s mind is stimulated by new impressions, that 
hypotheses spring into existence with greatest exuberance. While 
most of these springtime growths are doomed to wither in the more 
intense heat of subsequent discussion, their spontaneity, and the fact 
that the mind when not oppressed by a multitude of details grasps 
significant facts almost by intuition, make the suggestions of the 
explorer of peculiar value. 

The detailed work of physiographic surveys falls into two groups: 
namely, the study of definite areas, and the investigation of specific 
problems. In each of these related methods the desirability of record 
ing facts by graphic methods is apparent. The demand for accurate 
maps as an aid to both areal physiography and the study of groups of 
specific forms, or the functions of concrete processes, nceds no more 
than a word at this time. With the growth of physiography the time 


has come when the work of the individual explorer, who from force of 























PHYSIOGRAPHIC PROBLEMS OF TODAY 529 


circumstances endeavors to follow many of the paths he finds leading 
into the unknown, is replaced to a large extent by well-organized and 
well-equipped scientific expeditions. It is to such systematically 
planned campaigns, in which the physiographer and representatives 
of other sciences mutually aid each other, that the greatest additions 
to man’s knowledge of the earth’s surface are to be expected. The 
most extensive of the unexplored or but little-known portions of the 
surface of the lithosphere, in which a rich harvest awaits the properly 
equipped expedition, are the sea-floor and the north and south polar 
regions. As is well known, splendid advances have been made in 
each of these fields, but, as seems evident, much more remains to be 
accomplished. 

In the branch of physiography appropriately termed “ oceanog- 
raphy” the problems in view are the contour of the sea-floor, or its 
mountains and deeps, plains and plateaus, the manner in which each 
inequality of surface came into existence, and the various ways it is 
being modified. In both of these directions the interests of the 
physiographer merge with those of the biologist and the geologist. 
One phase of the study of the ocean’s floor which demands recognition 
is that the topographic forms there present are such as have been 
produced almost entirely by constructional and diastrophic agencies, 
free from complications due to erosion which so frequently obscure 
the result of like agencies on the land. For an answer to the question: 
What would have been the topography of land areas, had there been 
no subaérial decay and denudation? the topography of submarine 
regions furnishes at least a partial answer. The sounding line in the 
Caribbean region has furnished examples of topography due, as it 
seems, mainly to differential movements of blocks of the earth’s crust 
bounded by faults, which have not been modified by subaérial denuda- 
tion. Ina similar way, as is to be expected, a survey of other portions 
of the at present water-covered surface of the lithosphere will supple- 
ment our knowledge of the emerged portions of the same rock-envelope, 
and assist in an important way in the deciphering of their histories. 

In the Arctic and Antarctic regions, where all is unknown, systematic 
research may be expected not only to extend many branches of physio- 
graphic study, but to bring to the front as yet unsuspected problems. 


The larger of the unexplored regions of the earth, however, are not 
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the only portions of our field of study that demand attention. New 

ideas, new principles, and fresh hypotheses make an unknown country 

of the most familiar landscape. The definite formulation of the base- 

level idea, the suggestive and far-reaching principle embraced in the 

term “geographic cycle,” the planetesimal hypothesis as to the origin 

of the earth, etc., furnish new and commanding points of view, or, as ) 
they may be termed, primary stations in the physiographic survey of 

the earth’s surface by means of which previous local surveys may be 

correlated and corrected. 

In the search for problems, the unraveling of which may be expected 
to advance the scientific study of the earth’s surface, the writings of 
travelers, the pregnant suggestions of those who make reconnaissances 
into the realm of unknown facts and of unrecognized ideas, as well as 
the precise and accurate pictures of portions of the earth’s surface 
presented on the maps of the topographer and the charts of the ocean- 
ographer, point the way to still greater advancements, and furnish 
inspiration to those who follow. 

FUNDAMENTAL CONCEPTS. 

While physiography deals with the surface features of the earth, 
the fact that in those features is expressed to a great extent the effects 
of movements originating deep within the earth, leads the student of 
continents and oceans to ask of the geologist and the physicist puzzling 
questions as to the changes that are taking place in the great central 
mass of our planet, and even in reference to the origin of the earth 
itself. So intimately are the various threads of nature-study inter- 


woven that the full significance of many of the surface features of the 





earth cannot be grasped and their genesis explained until the nature 
and mode of action of the forces within the earth which produce 
surface changes are understood. 

The growth of physiography up to the present time has been 
largely influenced by the far-reaching ideas of Laplace and others in 
reference to the nebular origin of the solar system. In all of the 
questions respecting secular changes of land areas in reference to the 
surface level of the ocean, the origin of corrugated and of block 
mountains, the fundamental nature of volcanoes, etc., the controlling 


idea has been that the earth has cooled from a state of fusion, and is 
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still shrinking on account of the dissipation into space of its internal 
heat. 

With the recent presentation of the planetesimal hypothesis by 
Professor Chamberlin, a radically different point of view is furnished 
from which to study the internal condition of the earth. The new 
hypothesis—which has for its main thesis the building of a planet by 
the gathering together of cold, rigid, meteoric bodies, and the compres- 
sion and consequent heating of the growing globe by reason of gravita- 
tional contraction—is suggestive, and seems so well grounded on facts 
and demonstrated physical and chemical laws that it bids fair not 
only to revolutionize geology, but to necessitate profound changes in 
methods of study respecting the larger features of the earth’s surface. 
One of the several considerations which make the planetesimal 
hypothesis appeal forcibly to the inquiring mind is that it employs an 
agency now in operation, namely, the process of earth-growth through 
the incoming of meteoric bodies from space; and for this reason is 
welcomed by uniformitarians, since it is in harmony with their under- 
standing of a fundamental law of nature. 

In many, if not all, questions respecting the origin of the atmosphere, 
the ocean, continents, mountains and volcanoes, and the secular, and to 
a marked extent in certain instances, the daily changes they experience, 
it is evident that the planetesimal hypothesis necessitates a revision, 
or at least a review, of some of the fundamental conceptions held by 
physiographers. The objection will perhaps be advanced that to 
make such a radical change of front on the basis of a young and as yet 
untried hypothesis is not wise. The reply is that the older hypothesis 
has been tried and to a marked extent found wanting, and that the 
new conception of the mode of origin of the earth demands considera- 
tion, not only as affecting a large group of basement principles of 
interest to the physiographer, but with the view of testing the planetesi- 
mal hypothesis itself by physiographic standards. 

The problems interlocked with the mode of origin of the earth, in 
which the physiographer shares an interest with the geologist, are the 
rate at which the earth’s mass is now being increased owing to the 
ingathering of planetesimal, and the chemical and physical and per- 
haps life conditions of the incoming bodies; the temperature of the 


earth’s interior, and the surface changes to be expected from its 
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increase or diminution; the results of gravitational contraction in 
reference to movement in the earth’s crust; the extrusion of gases and 
vapors from the earth’s interior, and the resultant changes in progress 
in the volume and composition of the atmosphere and hydrosphere. 
In these and still other fundamental conceptions of the primary causes 
of many of the changes in progress on the earth’s surface the plan- 
etesimal hypothesis seemingly furnishes the cornerstone of a broader 


physiography than has as yet been framed. 


IDEAL PHYSIOGRAPHIC TYPES. 


During the descriptive stage of the study of biology the relation- 
ships among plants and animals were the chief end in view, and as a 
result of the conditions confronted, a systematic classification of 
animate forms under species, genera, families, etc., was formulated, 
which has been of infinite assistance during the more philosophical 
investigations that followed. Biological classification was facilitated, 
as learned later, by the fact that with the evolution of species there 
was concurrent extinction of species. As the tree of life grew, its 
branches became more and more widely separated. 

Throughout the many changes the surface features of the earth 
have experienced there has also been development, not of the same 
grade, but analagous to that recognized in the realm of life; but the 
process of extinction has been far less complete than in the organic 
kingdom, and the connecting links between the various groups of 
topographic and other physiographic forms produced have persisted, 
and to a conspicuous extent still exist. The task of arranging the 
infinitely varied features of the earth’s surface in orderly sequence, or 
systematic physiography, is thus far more difficult than the similar 
task which the flora and fauna of the earth present. 

The utility of classification is fully recognized by physiogra 
phers, and various attempts have been made from time to time to 
meet the demand, but thus far without producing a generally accept 
able result. Remembering that a scheme of classification of topo 
graphic and related forms is to be considered as a means for attaining 
a higher end, namely, the history of the evolution of the surface 
features of the earth, and should be of the nature of a table of contents 


to a systematically written treatise, the task of preparing such an index 
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becomes of fundamental importance to the physiographer. Since 
extinction of species among physiographic features has probably not 
occurred, and connected series of forms which grade one into another 
confront us, the practical lesson taught by the success of schemes of 
biological classification seems to be that ideal physiographic types 
should be chosen correlative with species among plants and animals. 

By “ideal physiographic types” is meant complete synthetic 
examples of topographic and other physiographic forms, which will 
serve the réle of well-defined species in the study of the surface features 
of the earth. Ideal types may be likened to composite photographs. 
They should combine critical studies of many actual forms, within a 
chosen range, and in addition be ideally perfect representatives of the 
results reached by specific agencies operating under the most favorable 
conditions. Like the idealized personalities of history and religions, 
the types of physiographic forms might well be more perfect than any 
actual example. When such idealized types shall have been chosen 
after careful study, described with care, and illustrated by means of 
diagrams, maps, pictures, models, etc., a comparison with them 
of actual examples on any portion of the earth for the purpose of 
identification and classification would be practicable. A_ well- 
arranged catalogue of ideal types would be an analytical table of 
contents to the history of the evolution of the features of the earth’s 
surface, and constitute a scheme of physiographic classification. 

In illustration of what is meant by an idealized physiographic 
type: We find in nature a great variety of alluvial deposits, now 
designated as alluvial cones or alluvial fans. They present a wide 
range and infinite gradations in size, shape, composition, structure, 
angle of slope, degree of completeness, stage of growth or decadence, 
etc. Complications also arise because of the association and inter- 
growth of such alluvial deposits with other topographic forms. In 
constructing the ideal type the characteristics of many of the most 
perfect actual alluvial cones, aided by a study of the essential features 
of similar artificial structures, should be combined in an ideally 
perfect and representative example which would serve as the type of 
its specie. All actual examples might be compared with such a type, 
their specific and generic relations determined, and their individual 


variations noted. In like manner, other topographic forms, ranging 
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from the more concrete species—such as constructional plains, cinder 
cones, sea cliffs, river terraces, etc.—to the more complex forms—as, 
for example, mountain ranges, mountain systems, and yet larger earth 
features—could be represented by ideally perfect examples free from 
accidental and secondary complexities and accessories. 

While individual examples of idealized topographic and other 
features of the earth’s surface would serve as species, their arrange- 
ment under genera, families, etc., offers another problem, in which 
relationship or genesis should be the controlling idea. 

The selection of idealized physiographic types, as just suggested, 
has for its chief purpose the reduction of endless complexities and 
intergradations to practicable limits. It is a method of artificial 
selection so governed that, while no link in the chain of evolution 
need be lost to view, certain links are chosen to represent their nearest 
of kin and serve as types. A danger to be marked by a conspicuous 
signal, in case this plan for aiding physiographic study is put in prac- 
tice, is that it may tend toward empty ritualism. To give the idealized 
types chosen for convenience of classification an appropriate atmos- 
phere, the fact that changes are constantly in progress—that moun- 
tains come and go even as the clouds of the air form and reform— 
should be ever present in the mind. 

The process of evolution without concurrent extinction which 
characterizes the development of physiographic features finds expres- 
sion also in related departments of nature, as, for example, in petrog- 
raphy, where, as is well known, it has greatly delayed the framing of 
a serviceable and logical system of classification. Indeed, the prin- 
ciple referred to may be said to be one of the chief distinctions 


between the organic and the inorganic kingdoms of nature. 


THE PRIMARY FEATURES OF THE EARTH’S SURFACE. 

The primary features of the earth’s surface may consistently be 
defined as those resulting from the growth and internal changes of 
the lithosphere, while the modifications of relief resulting from the 
action of agencies which derive their energy from without the earth 
may be termed secondary features. ‘The primary or major character- 
istics of the earth’s surface, so far as now known, may be ranked in 
three groups, in accord with the agency by which they were principally 
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produced; namely, diastrophic, plutonic, and volcanic physiographic 
features. Each of the groups presents many as yet unsolved problems. 
Diastrophic jeatures.—Under this perhaps unwelcome term are 
included a large class of elevations, depressions, corrugations, faults, 
etc., in the surface portion of the lithosphere due to movements within 
its mass. The causes of the changes which produced these results 
are as yet obscure, and, although a fruitful source of more or less 
romantic hypotheses, may in general terms be referred to the effects 
of the cooling and consequent shrinking of a heated globe, or, under 
the terms of the planetesimal hypothesis, reckoned in part among 
the results of gravitational condensation. However obscure the 
fundamental cause, the results in view are real, and among the larger 
of the earth’s features with which the physiographer deals. They 
are the greater of the quarry blocks, so to speak, which have been 
wrought by denuding agencies into an infinite variety of sculptured 
forms. Included in the list, as the evidence in hand seems to indicate, 
are continental platforms, oceanic basins, corrugated and_ block 
mountains, and many less mighty elements in the marvelously varied 
surface of the lithosphere. Not only the study of the shapes of these 
features of the earth’s surface, but the movements they are still experi- 
encing, and their transfermations through the action of denuding 
agencies, claim the attention of the physiographer. While it may be 
said that the investigation of the method by which the primary relief 
of the lithosphere have been produced, falls to the lot of the geologist 
or the geophysicist, the physiographer is also interested in the many 
profound problems involved. The geologist and physiographer here 
find a common field for exploration, and can mutually assist each 
other. The task of the physiographer is to describe and classify the 
elements in the relief of the lithosphere due to diastrophic agencies, 
discriminate them from deformations due to other causes, and restore 
so far as practicable the forms that have been defaced by erosion. He 
can in this way assist the geologist by presenting him with the results 
of diastrophism free from accessories. With pure examples of the 
forms produced, the geologist will be better able to discover the causes 
and their mode of action, which have produced the observed results. 
Although much has been accomplished in the way of determining 
which elements in the relief of the lithosphere are due to diastrophic 
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agencies, only a small part of the difficulties to be overcome have been 
met. The aim in view is the attaining of a knowledge of what would 
have been the shape and surface features of the solid earth, had there 
been no modifications by internal causes except diastrophism, and no 
changes in relief by erosion or other surface agencies. Included in 
this branch of physiography is the shape of the earth itself, in the 
study of which the physiographer became a geodesist. The earth’s 
shape, and its primary surface features due to diastrophism, form the 
logical basis for physiographic study, in which ideal types of topo 
graphic forms declare their usefulness. In the geographical museums 
of the future, at the head of the long series of models of physiographic 
types illustrating the species, genera, families, etc., of the earth’s 
surface features, should be placed ideal examples of the most typical 
elements of relief due to diastrophism. 

Physiographers cannot rest content with the study of the shape of 
the lithosphere and of its surface relief, in which so much of the 
history of the earth is recorded, and refrain from searching for the 
deeper meanings these facts suggest, but must have freedom to invade 
the province of the geologist, the astronomer, the physicist, the 
chemist, and other subdivisions of the science of the cosmos, in search 
of truths bearing on his special line of work. This is particularly 
true in connection with the special department of physiography in 
hand, in which many of the branches of the river of knowledge have 
their sources. 

Plutonic jeatures.—Intimately associated with the irregularities 
of the earth’s surface due to a decrease in its volume, and, as our 
reasoning tells us, dependent primarily on the same cause and at 
present only partially differentiated from them, are surface elevations 
and depressions, produced by the migration of portions of the earth’s 
central magma from the deep interior toward or to the surface. A 
convenient but arbitrary subdivision of the matter forced outward 
from the earth’s interior is in vogue among geologists, and rocks of 
plutonic and of volcanic origin are recognized. ‘To the physiographer 
the distinction referred to is more suggestive than it appears from the 
point of view of the geologist, since the recognition of differences 
between topographic forms produced by the injection of fluid or 


plastic magmas into the cooled, rigid outer portion of the earth, and 
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topographic forms resulting from the extrusion of similar matter at 
the surface, is of genetic significance. 

The simile was used above between the quarry blocks taken to the 
studio of the sculptor and the-portions of the earth’s surface brought 
by diastrophic movements within the sphere of influence of denuding 
agencies. There are two other primary classes of physiographic 
quarry blocks; one produced by intrusions of highly heated plastic 
or fluid magmas into the earth’s crust, which cause upheavals of the 
surface above them, and the other due to extrusions of similar material 
at the surface, as during volcanic eruptions. The first of these two 
series of earth-features has received much less attention from physi 
ographers than the second series. 

Surface elevations due to local intrusions are well illustrated by 
the reconstructed forms of the Henry Mountains and the similar 
information in hand concerning several other regions. The topo 
graphic forms referred to have a conspicuous vertical measure in 
comparison with their breadth of base, and their prominence gained 
for them earlier recognition than in the case of related, and in part far 
more important, plutonic changes. It is to be remembered, however, 
that every intrusion of a magma into the earth’s crust is, theoretically 
at least, accompanied by a change in the relief of the surface above. 
What surface changes accompany the lateral movements in the rocks 
invaded by a dike has eluded search and seemingly escaped conjecture. 
The surface changes produced by an extensive horizontal injection of 
a magma, as when intruded sheets are found in stratified terranes, is 
a matter of inference rather than of observation. Intrusive sheets are 
numerous, and the surface changes in topography, and consequently 
of drainage, that accompanied their production must have been 
important, but definite examples are wanting. Critical studies are 
needed in this connection, both by physiographers and by geologists, 
in order that the widely extended movements which have been observed 
in the surface of the lithosphere may be referred to their proper cause. 
How do we know, for example, that the many recorded changes in the 
relation of the land to sea-level may not in part be due to the injection 
of magmas into the earth’s crust, instead of diastrophic movements 
as commonly supposed. The activity of volcanoes at the present day 


is warrant for the hypothesis that the concurrent process of sub 
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surface injection is still in progress, and is today producing changes 
in the geography of the earth’s surface. 

Of still more importance to the physiographer than the surface 
changes known, or legitimately inferred, to have resulted from the 
formation of dikes, laccoliths, and intruded sheets are the elevations 
and possibly concurrent depressions of the surface of the lithosphere 
caused by still greater migrations of portions of the earth’s central 
magma outward and into or beneath the rigid surface rind. Con- 
cerning these regional intrusions, as they may be termed, the geologist 
has furnished suggestive information. We are told, for example, 
that the granitic rocks from which the visible portion of the Bitter 
Root Mountains in Idaho have been sculptured are intrusive. The 
now deeply dissected granitic core of this mountain range measures 
not less than three hundred miles in length and from fifty to over 
one hundred miles in width. The area occupied by intrusive granitic 
rocks in the Sierra Nevada is seemingly still greater than in the case 
just cited, and other regional intrusions of even mightier dimensions 
are known in the vast region of crystalline rocks in Canada and else- 
where. The covers of sedimentary or other material which formerly 
roofed these vast intrusions in the instances now open for study have 
for the most part been removed by denudation, although instructive 
remnants of metamorphosed terranes occurring as inliers in the 
granitic areas sometimes persist and reveal something of the nature of 
original domes of which they formed a part. 

The surface changes in relief produced by the migration of magmas 
measuring thousands, and in many instances, as we seem justified in 
concluding, tens of thousands, of cubic miles, from deep within the 
earth outward, but failing to reach the surface, must be reckoned as 
of major physiographic importance. The very magnitude of the 
features of the earth’s surface due to such intrusions has served to 
conceal their significance. We look in vain in our treatises on physiog- 
raphy for so much as a mention of them. Perhaps the excuse will 
be offered that the modifications in relief referred to are commonly 
grouped with the results produced by diastrophic agencies; but, if so 
considered, a differentiation seems necessary, and the significance of 
the topographic forms resulting from intrusions of various kinds 


clearly recognized. 
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In our dreamed-of museum of ideal physiographic types, mighty 
domes raised by regional intrusions, broad uplifts with perhaps 
sharply defined boundaries, elevated by relatively thin intruded 
sheets, as well as steep-sided domes with relatively small bases, con 
cealing Jaccoliths, and the still smaller covers arching over plutonic 
plugs, will demand a place in the group of type examples of primary 
unsculptured elements in the relief of the lithosphere. 

Volcanic features —Elevations on the surface of the lithosphere 
due to the presence of material extruded from volcanic vents have 
long been recognized, but the specific, or, as perhaps may be con- 
sistently claimed, generic, differences among them has only recently 
claimed attention. Of primary importance in the classification of 
topographic forms of volcanic origin is the fact that volcanoes are 
both constructive and destructive in their action. Among the results 
of constructive action are included the changes produced by effusive, 
fragmental-solid, and massive-solid eruptions, each of which has 
furnished a wide range of primary topographic forms. The catalogue 
of recognized types includes lava plains and plateaus, cinder and 
lapilli cones, lava cones and domes, lapilli and dust plains, together 
with many minor structures, such as “spatter cones,” “lava deltas,” 
“lava gutters,” “lava levees,’ and the various surface details of lava 
streams due to the flow of still mobile magmas beneath a stiffened 
crust which ranged in physical consistency from a highly plastic to 
a rigid and brittle condition. With these more familiar forms are 
to be included also the results of massive-solid extrusions, of which 
the “‘obelisks” of Mont Pelé are the most striking examples. 

Our present list of destructional topographic forms due to volcanic 
eruptions includes decapitated cinder, lapilli and lava cones, and 
subsided and broken lava domes, calderas, crater rings, etc., together 
with cones of various kinds breached by outflowing lavas; and, as 
minor features, the floated blocks sometimes carried on lava streams, 
or the moraines oj lava flows, as they may suggestively be termed, the 
subsided and broken roofs of lava tunnels, etc. 

The interesting contributions made during the past decade to the 
list of topographic forms resulting from the action of volcanic agencies 
are highly suggestive, and warrant the belief that still more numerous 
and equally important results in the same direction will reward more 
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extended and more careful search. The progress of physiography 
would evidently be accelerated by a systematic review and a more 
definite classification of the topographic forms, both constructional 
and destructional, known to have resulted from volcanic agencies, 
and a more critical selection of types to serve as species than has as 
yet been attempted. From such a catalogue something of the under 
lying principles governing the many ways in which the relief of the 
earth’s surface has been modified, and is still being changed through 
the agency of volcanoes, would make themselves manifest, and pre 
dictions rendered possible which would facilitate further study. The 
analogy between lava streams and rivers, on the one hand, and glaciers, 
on the other, suggests interesting and instructive methods for con 
sidering the entire question of the movements of liquids and solids 
on the earth’s surface. 

While the topographic changes produced by volcanic agencies 
are of chief interest to the physiographer, they lead him to profound 
speculations in reference to the nature of the forces to which they are 
due, the source and previous condition of the matter extruded during 
eruptions, and the study of the existing relations between the earth’s 
interior and its surface. The great, and as yet but partially answered, 
questions: Whence the heat manifest during volcanic eruptions ? 
What is the source of the energy which forces lava to rise from deep 
within the earth through volcanic conduits to where it is added to the 
surface, perhaps ten to twenty thousand feet above sea-level? and, 
what is the source or sources of the steam discharged in such vast 
quantities during eruptions of even minor intensity ? are as of great 
interest to the physiographer as they are to the geologist, and furnish 
another illustration of the unity of nature-study. From the new point 
of view furnished by the author of the planetesimal hypothesis, the 
many questions the physiographer is asking concerning volcanoes 
and fissure eruptions are rendered still more numerous by the sugges 
tion that these fiery fountains are the sources from which the ocean 
and all the surface waters of the earth have been supplied. This 
startling revelation, as it seems, makes a still more urgent demand 
than had previously been felt for quantitative measures of the vapor 
discharged from volcanic vents. Nor is this all; with the steam of 


volcanoes is mingled various gases, and the mode of origin of the 
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earth’s atmosphere as well as the changes it is now undergoing, is a 
theme in which the physiographer is profoundly interested. 

Volcanic mountains are numbered among the most awe-inspiring 
of topographic forms; the solid additions which volcanoes make to 
the surface of the lithosphere are in view, and the contributions to 
the atmosphere of vapors and gases from the same sources are tangi- 
ble facts; but another phase of the great problem is also of interest 
to the physiographer, namely, what changes take place in the rigid 
outer shell of the earth by reason of the transfer of such vast volumes 
of material as are known to have occurred from deep within the earth 
to its surface. The magmas which have been caused to migrate and 
come to rest for a time, either as intrusions within the earth’s outer 
shell, or as extrusions on its surface, are measurable in millions of 
cubic miles. In connection with the profound questions concerning 
the formation of folds and fractures in the earth’s crust, an agency 
is thus suggested comparable in importance with loss of heat, as 
under the nebular hypothesis, or with gravitational compression, as 
explained by the planetesimal hypothesis. In the many discussions 
that have appeared as to the adequacy of earth contraction to account 
for the origin of mountains of the Appalachian type, I have been able 
to find but one mention of the réle played by the transfer of matter 
from deep within the earth outward, and in part its extrusion at the 
surface, in causing folds in the crust from beneath which it was 
derived. Problems of fundamental importance are outlined by the 
considerations under review. 

To the immediate question, What is the best plan for enlarging 
our knowledge of the physiography of volcanoes? the reply seems 
pertinent: Press on with the study of both active and dormant or 
extinct examples. In this connection it should be remembered that, 
while the individual volcanoes and volcanic mountains which have 
been critically studied can be enumerated on the fingers of one’s 
hands, those which are practically unknown number many thousands. 
The fact that Mont Pelé and La Soufritre of St. Vincent during their 
recent periods of activity furnished examples of at least two important 
phases of volcanic eruptions not previously recognized is an assur- 
ance of rich returns when other eruptions are critically investigated. 


While it is difficult to formulate the precise questions so numerous 
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are they, to be asked of volcanoes, whether active, dormant, or dead, 
and in various stages of decay and dissolution, it is plain that all 
the facts that can be learned concerning them should be classified and 
put on record, and their more obvious bearings on the fundamental 
questions concerning the condition of the earth’s interior, and the 
changes there taking place, pointed out. In this connection—and 
as is true in all branches of research—the fact may be recalled that 
energy expended in discovering, classifying, and recording facts 
decreases the time and force necessary for the framing of multiple 
hypotheses. With an abundance of well-classified and pertinent 
observations in hand, the nature of the thread on which the gems 
of truth should be strung usually declares itself. 

Résumé.—On a previous page of this essay the desirability was 
suggested of recognizing ideal types with the aid of which the multi- 
tudinous surface features of the earth could be classified and studied. 
Thus far we have considered the elements in the relief of the earth’s 
surface which have resulted from changes within its mass. We term 
them primary physiographic features, because their birth precedes 
the modifications of the lithosphere due to agencies acting externally. 
They are (1) the topographic forms resulting from contraction on 
account of cooling, or of condensation owing to growth in mass; (2) 
the surface changes produced by intrusions of magmas into the 
earth’s outer shell; and (3) the results of volcanic eruption. Among 
the more important idealized models in our future physiographic 
museum there should be displayed continental platforms, oceanic 
basins, corrugated mountains, block mountains, domes of various 
and some of vast dimensions upraised by intrusions, volcanic cones, 
lava plateaus, etc. These are the major physiographic types, or the 
larger monoliths from which the rock-hewn temples of the earth have 
been sculptured by forces acting on the surface of the lithosphere and 
deriving their energy mainly from the sun. Resulting from surface 
changes come a vast array of both constructive and destructive 
physiographic features, which may consistently be termed secondary. 
Under secondary features may be included also relational topographic 
forms, such as islands in water, in glaciers, and in lava fields. 


In the study of the primary features of the earth’s surface the work of 


the physiographer is most intimately linked with that of the geolo- 
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gist, but, on passing to the secondary feature, the influence of life 
becomes apparent, and the relation of man to nature is in the end 
the leading theme. 

SECONDARY PHYSIOGRAPHIC FEATURES. 

The most familiar features of land areas, as is well known, are 
those which owe their existence to the work of moving agencies 
resident on the earth’s surface, such as the wind, streams, glaciers, 
waves, currents, etc. The forces at work are set in motion by energy 
derived from without the earth, and the material worked upon is 
brought within the range of their activities by forces resident within 
the earth which cause deformations of, or additions to, its surface. 
The earth-born primary physiographic features are thus modified 
by sun-derived forces, and a vast array of secondary modifications of 
relief are produced which give variety and beauty, particularly to 
those portions of the lithosphere which are exposed for a time to the 
air. The study of secondary physiographic features has produced a 
rich and abundant harvest, especially during the last quarter of a 
century, and the returns are still coming in with seemingly an accel 
erated rate. 

The themes for study are here mainly the various processes of 
erosion and deposition of the material forming the outer film of the 
lithosphere, and the characteristics of the destructive and constructive 
topographic forms produced. With the knowledge gained concerning 
the changes now in progress on the ocean’s shore, in the forest, by 
the river side, on the snow-clad and glacier-covered mountains, etc., 
the physiographer seeks to decipher the records made in similar situa- 
tions during the past. Two groups of problems are in sight in this 
connection; one is concerned with observing, classifying, and recording 
the changes now in progress; and the other has for its chief aim the 
translation, in terms of the agencies now at work, of the records left by 
We find that today the same area is being inscribed 


past changes. 
The surface of the earth, like an 


perhaps in several different ways. 
ancient manuscript, is frequently written upon in different directions, 
and with different characters. It is the duty of the physiographer 
to translate this ancient palimpsest, and deduce from it the history 
of the development of the features of the earth’s surface. It has 
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been said that “geology is the geography of the past,’’ but to the 
physiographer this formula has a yet deeper meaning. There is a 
physiography of the past, of venerable antiquity, which has begun to 
receive attention. Ancient land surfaces, buried during geological eras 
beneath terranes which were deposited upon them, have here and 
there been exposed once more to the light of the sun, owing to the 
removal by erosion of their protecting coverings. In northern Michi- 
gan, for example, one may gaze on the veritable hills and valleys 
which were fashioned by the wind, rain, and streams of pre-Potsdam 
days of sunshine and shower. These jossi/ landscapes invite special 
study, not only on account of their poetic suggestiveness, but as fur- 
nishing evidence, supplementary to that afforded by organic records, 
ripple marks, shrinkage cracks, etc., as to the oneness of nature’s 
processes throughout eons of time. The consideration of past physi 
ographic conditions, the tracing of former geographic cycles, the study 
of the concurrent development of primary and secondary physi- 
ographic features, the causes and effects of past climatic changes, 
and the influences of these and still other events of former ages on 
the present expression of the face of nature, offer not only a fascinat- 
ing, but a far extended field for research. 

One especially important development of the study of past physio 
graphic conditions, and the manner in which they merge with the 
present phase of the same history, is the connection between the life 
of the earth and its control by physical environment. The present 
and past distribution of floras and faunas affords important data 
supplementary to those recorded by abandoned stream channels, 
glacier scorings, elevated and depressed shore lines, desiccated lake 
basins, and other physical evidences of former geographic changes. 

In the excursions into the domain of the unknown, here suggested, 
the physiographer seeks the companionship and counsel of both the 


geologist and the biologist. 


PHYSIOGRAPHY AND LIFE. 


In the study of the relation between physiography and the present 
state of development of living organisms on the earth, it is convenient 
and logical to recognize two great subdivisions: the one, the control 


exerted by physiographic features on the distribution of plants and 
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animals; and the other, the reaction of life on its physical environ 
ment, and the modification in the relief of the lithosphere and the 
geography of its surface thus produced. Although man is embraced 
in each of these categories, there are sufficient reasons for consider- 
ing his relations to his environment separately from those of the 
lower forms of life. 

The dependence of life on its physical environment has received 
much attention from botanists and zoélogists, and is perhaps the 
leading thesis now claiming their attention. So important is this 
branch of study that a name “ecology,’”’ has been coined by which 
to designate it. The phase of nature-study thus made prominent 
pertains to the marvelously delicate adjustment that has been found 
to exist between the distribution of life and the nature of the region 
it inhabits. Among the interesting themes involved are topographic 
relief, degree of comminution and disintegration of the surface 
blanket of rock waste, depth and freedom of penetration of water 
and air into the life-sustaining film of the earth’s surface, and the 
concurrent changes in life with variations in these and other 
physical conditions. In this most fascinating branch of study the 
ecologist borrows freely of the physiographer, and makes payment 
in peat bogs, living vegetable dams in streams, organic acids service- 
able for rock disintegration and decay, deposits vf calcium carbonate 
and silica in lakes and about springs, vast incipient coal beds in the 
tundras of the far north, and numerous other ways. 

From the physiographic point of view, however, the many and 
intricate ways in which life leads to modifications in the features of 
the lithosphere are of more direct interest than studies in ecology. 
Much has been accomplished in this direction, but it is evident that 
as yet but partially explored paths leading through the borderland 
between biology and physiography remain to be critically examined. 

In connection with the changes in progress on the earth’s surface, 
due to the influence of organic agencies, and the application of that 
knowledge in interpreting past changes, the study of the influences 
exerted by the lowest forms of life in both the botanical and the 
zodlogical scale seems most promising to the physiographer. 

The secretion of calcium carbonate and silica by one-celled 


organisms, as is well known, has led to the accumulation of vast 
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deposits like the oozes on the sea-floor, beds of diatomaceous earth, 
deposits about hot springs, the so-called marl of fresh-water lakes, 
etc. A review of the several ways in which such accumulations are 
formed, and an extension of the search in various directions, give 
promise that other and equally wonderful results flowing from the 
activities of the lowest form of life would be discovered. The mode 
of deposition of iron, and perhaps of manganese, the generation of 
hydrocarbons, the origin of extensive sheets of seemingly non-fossil- 
iferous limestone and dolomite, the method by which the beautiful 


he nature of the chert so 


onyx marbles are laid down, film on film, t 
abundant in many terranes and so conspicuous in the surface waste of 
extensive regions, and other equally important deposits which exert 
a profound and frequently controlling influence on topographic forms, 
seemingly demand study with the hypothesis in mind that they owe 
their origin to the vital action of low forms of plants or animals. 
Not only the concentration of mineral matter by one-celled organisms, 
but the part played by similar organisms in the comprehensive pro 
cesses of denudation, also invites renewed attention. Many of the 
organisms in question do not secrete hard parts, and hence are 
incapable of directly aiding in the concentration of inorganic solids 
on the surface of the lithosphere. If not assisting in the building of 
physiographic structures, the suspicion is warrantable that they are 
engaged in sapping their foundations. The wide distribution of one- 
celled organisms—and indeed, as one may say, their omnipresence 
on the earth’s surface—and their seeming independence, as a class, 
to differences in temperature, light, and humidity, enable them to 
exert an unseen and silent influence, not suspected until some cumu 
lative and conspicuous result is reached. The importance of bac 
teria in promoting decay, and in consequence the formation of acids 
which take a leading part in the solution and redeposition of mineral 
substances, the réle played by certain legions of the invisible hosts in 
secreting nitrogen from the air and thus aiding vegetable growth 
and perhaps to be held accountable also for the concentration of 
nitrates in cavern earths, the part others play in fermentation, and 
the diseases produced in plants and animals by both bacteria and 
protozoa, render it evident that an energy of primary importance to 


the physiographer is furnished by these the lowest of living forms. 
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Physiographers were given a new point of view when Darwin explained 
the part played by the humble earthworms in modifying the earth’s 
surface. As it seems, still other advances in our knowledge of the 
changes in progress in the vast laboratory in which we live may 
be gained by studying the ways in which organisms far lower in the 
scale than the earthworm are supplying material for the building of 
mountains or assisting in the leveling of plains. 

In brief, a review of the inter-relations of physiography and life, 
shows that from the lofty snow-fields reddened by Protoccocus, to the 
bottom of the ocean, the surface of the lithosphere is nearly everywhere 
enveloped in a film teeming with life. In part the vital forces at work 
are reconcentrating material and adding to the solid framework of 
the globe, and in part, but less obviously, aiding in rock decay and 
disintegration. Throughout this vast complex cycle of changes new 
physiographic features are appearing, others disappearing, and one 
and all, to a greater or less degree, are undergoing modifications. 
The wide extent of the changes in progress, and their known impor- 
tance in certain instances, are justification for the belief that the 
physiographer as well as the ecologist will find many problems of 
fundamental importance to his science in the inter-relations of life 


and physiographic conditions. 
PHYSIOGRAPHY AND MAN. 


Go forth, subdue and replenish the earth, is the language of 
Scripture. The observed results show that, while man strives to 
bend nature to his will, he himself is a plastic organism that is molded 
by the many and complex external forces with which it comes in con- 
tact. Here again two groups of themes present themselves to the 
physiographer: one, embracing the influences of environment on man; 
and the other, the changes in the features of the earth’s surface, 
brought about by human agencies. In the first the physiographer 
can aid the anthropologist, the historian, the socialist, etc.; and in 
the second, which is more definitely a part of his own specialty, he 
searches for suggestive facts throughout the entire domain of human 
activities. It is in these two directions that the student of the earth’s 
surface finds the most difficult and the most instructive of the prob- 


lems in which he takes delight, and the richest rewards for his efforts. 
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The control exerted by physiographical environment on human 
development is so subtle, so concealed beneath seemingly accidental 
circumstances, and its importance so obscured by psychological con- 
ditions, that its recognition has been of slow growth. The countless 
adjustments of both the individual man and of groups of men in com 
munities, nations, and races to physical conditions, is so familiar that 
the sequence of causes leading to observed results passes as a matter 
of course and to a great extent fails to excite comment. The due 
recognition of the influence of physiographic environment on history 
is now coming to the front, and, as is evident, the rewriting of history, 
and especially the history of industry, from the point of view of the 
physiographer, is one of the great tasks of the future. The problems 
in this broad field are countless, and the end in view is similar to those 
embraced in dynamical physiography, namely, the study of the various 
ways in which man is now influenced by his physical environment, with 
the view of interpreting the records of similar changes in the past 
and of predicting future results. Or more definitely formulated: 
peoples have reached a high degree of culture under certain multiple 
conditions of environment, whiie other peoples, exposed to othe 
combinations of conditions, have remained stationary, or retrograded 
and become degenerate. What are the essential conditions in con- 
trol in the one case or the other? Can predictions be made as to 
what the results of a given combination of physical conditions on a 
given community will be, in spite of that other and still more mobile, 
and as yet but little understood, group of conditions embraced under 
the term psychology? Many profound questions, in the solution 
of which the physiographer unites his efforts with those of the student 
of the humanities, present themselves for study during the century 
that is yet young. 

Within the broader questions just suggested are many others that 
are more concrete and definite, and of vital importance to mankind, 
which can be conveniently grouped under the term economic physi 
ography. The problems which here present themselves share their 
chief interests with the engineer. They relate to plans for transpor- 
tation in all of its various forms, drainage, irrigation, water supply, 
sanitation, choice of municipal locations, control of river floods, 


selection of cities for homes, farms, vineyards, factories, etc. In 
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every branch of industry a critical knowledge of the physical condi- 
tions, both favorable and adverse to the economic ends in view, and 
of the limitations of the daily, seasonal, and secular changes they 
experience, is of primary commercial importance. Although the 
money value of truth should be a secondary consideration to the truth- 
seckers, a critical study of the influence of environment on industry 
is as truly a matter of scientific research as any of the less complex 
and less directly utilitarian branches of physiography. 

The reaction of human activities on physiographic features pre- 
sents two great groups of problems. These embrace, on the one 
hand, the far-reaching and frequently cumulative effects of man’s 
interference with the delicate adjustment reached in natural condi- 
tions before his influence became manifest; and, on the other hand, 
the effects of such changes on man’s welfare. 

A change amounting to but little less than a revolution in the 
long-established processes by which the features of the earth’s sur- 
face are modified and developed, accompanied the advancement of 
man from a state of barbarism to one of civilization, and is most 
strikingly illustrated when men skilled in the arts migrate to a pre- 
viously unoccupied region. This new factor in the earth’s history 
demands conspicuous changes in the methods of study usually employed 
by physiographers, and makes prominent a series of investigations 
the full significance of which is as yet obscure. The wholesale 
destruction of forests, drainage of marshes, diversion of streams, 
building of restraining levees along river banks, tillage of land, 
abandonment of regions once under cultivation, the introduction of 
domestic animals in large numbers into arid regions and the conse- 
quent modification, and frequently the destruction, of the natural 
vegetal covering of the soil, and many other sweeping changes incident 
to man’s industrial development, are fraught with consequences 
most significant to the student of nature, and of profound import to 
the future of the human race. From the point of view of the physiog- 
rapher, the ultimate result of these great changes in the surface con- 
ditions of the earth can to a great extent be expressed in one word, 
and that word is desolation. In view of the suicidal lack of fore- 
thought manifest in the activities of peoples and, as experience shows, 


increasing in many directions in destructiveness with industrial prog- 
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ress, the problems that confront the physiographer are not only what 
far-reaching changes in the surface condition of the land result there- 
from, but how the ruin wrought can be repaired, and how human 
advancement can be continued and its deleterious consequences on 
the fundamental conditions to which it owes its birth and develop- 
ment be avoided or lessened. Considerations which lessen the horrors 
of the regions crossed by industrial armies are that nature, no matter 
how severely torn, has great recuperative power and tends to heal her 
wounds; and also that man, through the science of agriculture par- 
ticularly, although greatly modifying natural conditions, is able to 
reconstruct his environment and, so long as intelligent care is exer- 
cised, adjust it to his peculiar needs. In the relations of physiography 
to man, as the above hasty sketch is intended to show, the themes for 
research are many and important. As a suggestive summary, they 
include the review of history with the aid that modernized physical 
geography furnishes; the recognition of a strong undercurrent due to 
inorganic conditions in the political, social, and industrial develop 
ment of peoples; the incorporation of physiographic laws into the 
formulas used by the engineer in all of his far-reaching plans; the 
calling of a halt in the wanton destruction of the beauties of nature, 
and the providing of a check on the greed of man which casts a baneful 
shadow on future generations. Great as are the results to be expecte 

from a better knowledge of the mode of origin of the earth, its defor- 
mation by internal changes, and the removal and redeposition of 
material by forces resident on its surface, the combined results of all 
these studies culminate in the relation of man to his environment. 
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WIDESPREAD OCCURRENCE OF FAYALITE IN CER- 

TAIN IGNEOUS ROCKS OF CENTRAL WISCONSIN. 

IN central Wisconsin, in the vicinity of Wausau, forming the south- 
ern portion of the pre-Cambrian district of the northern half of the 
state, is a wide variety of intrusive igneous rocks. Chief among these 
intrusives, which constitute perhaps 75 per cent. of the rock forma- 
tions for many miles around Wausau, is a complex series of holo- 
crystalline rocks ranging from granite, high in silica, to quartz syenite, 
nepheline, and sodalite syenites, and related basic, alkali-rich rocks. 
Associated with this series are an older series of basic rocks and a still 
older flow of rhyolite, to both of which the various members of the 
granite-syenite series bear the same structural relations. 

The habitat of the fayalite is in certain phases of the granite- 
syenite series, and it is not known to be in the other varieties of 
igneous rock of the region. The mineral fayalite, it will be recalled, 
is the pure iron olivine, iron chrysolite, having the formula 2FeQO, 
SiO,, and the theoretical composition, ferrous oxide 70.6, and silica 
29.4 per cent. Considered in its entirety, the series in which the 
fayalite occurs resembles in many respects, though not in all, other 
well-known series of nepheline-bearing and related alkali-rich rocks, 
such as those in Arkansas, in the Christiania region of southern 
Norway, and in Essex County, Mass. 

The composition of some of the phases of the central Wisconsin 
alkali-rich rocks is shown in the subjoined table. The analyses were 
made by Professor W. W. Daniells, professor of chemistry in the 
University of Wisconsin. 

In the analyses attention is called to the fairly regular increase in 
amount of alumina and the alkalies as the silica decreases. The 
iron is abundant and is fairly uniform in amount, with the exception 
of that in the granite rich in quartz. With respect to the lime and 
magnesia, these constituents, like the iron, do not differ appreciably 
in the various phases. Attention is especially called to the uniformly 
low content of magnesia, which is without doubt one of the causes 
of the development of the ferrous silicate, fayalite, in the magma. 
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I II Ill I\ \ VI 
si), 70 54 07 Oo Or.1s 37 15 54 79 54 70 
( » Ro . Se _ —- # >> Ro 7499 
\IL,0O 12.82 15.8 10.7 20.04 22.87 24.72 
Fe,O 1.6 a 3.71 5.64 1.74 2.73 
FeO 5 + 3 ( 
( :.34 3.76 3.24 35 
MnO trace 
MeO I jl trace jo 1.g2 ©.10 
Cad Sc 1.78 >. 64 1.70 tract 1.67 
Na,O }. 32 3.21 5.28 7.25 10.75 10.38 
K20 r. 31 1.51 5.66 2.65 4.06 2.37 
HO ? 3 32 ».25 0.55 
( S4 
I 0.08 
Zr©), 0.07 
7 
Total 99 . 67 90.71 99.82 100.17 99 75 99.63 


I. Granite. Quarry granite known as the Wausau red granite. Consists 
mainly of albite, orthoclase, and quartz. 

Il. Amphibole granite (5298). Consists mainly of microperthite, quartz, 
and an amphibole rich in ferric oxide, and alumina. 

Ill. Hedenbergite-quartz syenite (5917). Consists mainly of microperthite, 
quartz, hedenbergite, arfvedsonite, lepidomelane, and fayalite. 

IV. Amphibole syenite (6011). Consists mainly of orthoclase and bluish 
green amphibole, and some magnetite, mica, fluorite, and zircon. 

V. Sodalite-nepheline syenite (6426). Consists mainly of anorthoclase, 
nepheline, sodalite, and hedenbergite, with some fluorite. 

VI. Nepheline syenite (5829). Consists mainly of nepheline, orthoclase, 
hedenbergite, and some fayalite. 

It should be understood that not all the phases of rock represented 
in this alkali-rich series is indicated in the above table. Nor is the 
range in content of silica supposed to be outlined. Afgirite is a 
common constituent of many of the rocks, but analyses of the zgirite 
bearing phases have not been made. Those who have studied the 
alkali-rich magmas can best appreciate the amount of work necessary, 
and the complexity of the problem met with, in describing these 
interesting rocks from the mineralogical standpoint. Some of the 
prevailing amphiboles, pyroxenes, and micas, as well as other minerals, 
have been separated from the rocks and analyzed, and hence where 
varietal names are used such use is based upon knowledge of the 
chemical composition. The object of the present paper is merely 
to describe the general character, occurrence, and signification of 


Che numbers refer to specimens in the Wisconsin Survey collection 
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the fayalite found in various phases of the series, rather than a com- 
plete description of these rocks as a whole. 

The nature of the chemical and mineral composition of the 
series will be briefly referred to again. In the meantime it may be 
of interest to show how the true character of the fayalite was deter- 
mined. Under the microscope it appears in ordinary light as a 
honey-yellow mineral, and under crossed nicols it has bright polar- 
izing colors, resembling olivine. The minerals associated with it, 
however, such as an abundance of quartz, orthoclase, and albite, were 
not the ones usually found with olivine. The composition of the 
rock, with its very small amount of magnesia and the alteration 
product of the mineral wholly to iron oxide, free from serpentine, led 
to the idea that it might be fayalite. 

A rough separation of the mineral was made by means of crushing 
the quartz syenite (like II1) bearing considerable of the unknown 
mineral, and passing the finely crushed material through a Retgers 
solution of nitrate of thallium and nitrate of silver. A considerable 
amount of the heaviest material of the rock, which contained, besides 
the fayalite, some feldspar and pyroxene, was analyzed to see if any 
appreciable amount of magnesia was present, and to see if the theory 
that the yellow mineral was fayalite was probably correct. 

The material was analyzed by Dr. Victor Lehner, and is seen to 
have been largely iron and silica, and almost entirely free from 


magnesia, as follows: 


SiO, - - - - 32 10% 
Al,O, - - - - - 3.54 
Fe,O, - - - - 19.86 
FeO - - - - - - 37.56 
MgO - - - - - - - 0.07 
CaO - - - - - - 0.57 
P.O. - - - none 
MnO - - - - trace 
TiO, - - - - - - none 
Undetermined - - - - - 6.30 
100.00 


After this rough test, a careful separation of the yellow mineral 
was made. With the Retgers solution the heavy minerals of the 
crushed rock were separated. It was impossible to separate with 
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the Retger’s solution the fayalite from the iron oxide, as the two 
were so intimately mixed by alteration and intergrowth. The iron 
oxide, which was strongly magnetic, was very largely removed by 
means of a magnet, and finally sorting out the honey-yellow fayalite 
from the magnetic iron oxide by hand had to be resorted to. After 
considerable werk, 0.3610 grams of the nearly pure fayalite was 
separated, which was analyzed by Dr. Victor Lehner, and found 


to be as follows: 


SiO, 33-77 
Fe,O, 0.23 
FeO 62.09 
Undetermined 3.Q1 

100.00 


The materials associated with the fayalite, and necessarily included 
in the analysis, were small particles of feldspar, quartz, pyroxene, 
and amphibole. The undetermined portion in this second analysis, 
3-91 per cent., as indicated by comparison with the first rough analysis, 
is very probably mainly alumina and the alkalies which may be 
assumed to be combined with perhaps 4 or 5 per cent. of silica to 
form the associated silicate minerals. An additional source of silica, 
probably 1 or 2 per cent., was due to small included fragments of 
quartz. After deducting, therefore, an amount of silica—6 or 7 per 
cent.—present in mineral other than fayalite, it will be seen that the 
ferrous oxide and silica occur in approximately the proportions 
found in fayalite. 

Under the microscope the fayalite has the appearance of this 
mineral as usually described. In ordinary light it has a light stone 
color, with yellowish-green or honey-yellow tints. It is distinctly 
pleochroic, the green tinge changing from a light to a darker shade. 
The double refraction is strong, probably stronger than for olivine. 
It apparently has two fairly well-defined planes of cleavage, as 
illustrated in Fig. 1, which are probably parallel to the pinnacoids, 
oor, and oro. 

The fayalite occurs in the quartz-syenite, having a silica content 
of 61.18 per cent., and to a very small extent in the amphibole granite, 
bearing 67.99 per cent. silica. In phases of the quartz syenite it 


probably constitutes from 1 to 5 per cent. of the rock, and was noted 
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in many thin sections of this variety from widely different parts of 
the district. In the rocks bearing quartz it is associated with the 
feldspars, orthoclase, albite, and microperthite ; with the calcium- 
iron-amphibole, arfvedsonite; with the calcium-iron-pyroxene, heden 
bergite; and with iron mica containing large amounts of potassium. 
In phases of the non-quartzose 
and nepheline-bearing rocks 
of the series the fayalite also 
contributes a fraction of 1 per 
cent. to as much as 5 per cent. 
of the rock. In some of the 
nepheline-rich rocks the faya- 
lite is the only dark-colored 
mineral noted in the thin sec- 
tions. In these rocks the faya- 
lite occurs with orthoclase and 


microperthite, nepheline, soda- 





lite, the soda amphiboles of 
the riebeckite, and crocidolite Fic. 1.—Photomicrograph of fayalite in 
type, and the calcium-iron — nepheline syenite; x60. The fayalite, light- 
; . colored, is surrounded on nearly all sides by 
pyroxene, hedenbergite, and ; : ee ible ae ° 
7 : a : a black border of magnetic iron oxide. Por- 
the potash iron mica lepido- tions of it are in contact with feldspar and 
melane. hedenbergite. The greatest length of the 
The various rocks in which fayalite in this section is along the ¢ axis, 
: : ‘ parallel to which is indistinct parting or 
the fayalite occurs is thus seen cleavage. The areas within the fayalite are 
to have a considerable range colored dark by photography, and in reality 
in certain chemical constitu- are yellowish-brown and bluish mineral 
one . inclusions. The yellowish-brown inclusions 
ents, such as silica, alumina, an ee 
are in irregular areas, and are probably vel- 
and the alkalies, and also in lowisk hydroxide of iron, géthite, formed by 
mineral composition. The alteration of the fayalite. The bluish inclu- 
7 Ls. _.3.. sions are finelv striated crystals of a bluish 
area over which these rocks as ' 
eis : : amphibole. 
are distributed is quite exten 

sive. The amphibole granite and quartz syenite cover several hun- 
dred square miles, and the nepheline-bearing and related basic rocks, 

from fifteen to twenty square miles. 
The fayalite, in the various phases of rock in which it occurs, has 


the associations and relations of a normal, original constituent of 
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the rock. It does not occur in veins, segregations, or cavities, but as 
a common constituent distributed through the rock, like the quartz, 
felispar, nepheline, and other common rock-forming minerals with 
which it is associated. 

Like the other abundant minerals associated with it, it does not 
occur in idiomorphic crystals, but assumes shapes in its development 
due to the mutual interference of surrounding minerals. Where 
present with an abundance of dark-colored silicates, it is usually in 
direct contact with them, but in quartz syenite it occurs in direct 
contact with quartz, and in certain phases of the nepheline syenite 
it is entirely surrounded by nepheline, or nepheline and feldspar. 

The fayalite has not been observed to occcur with the alkali 
iron pyroxene, xgirite, which is a common constituent of several 
phases of the nepheline-bearing rocks. While it may be stated with 
certainty that these two iron-rich minerals do not occur in the same 
thin sections of rock examined—and this includes a considerable 
number—with this special relation in mind, yet a final conclusion 
upon this point, it is believed, should be held in abeyance. 

The pyroxene, zgirite, it will be recalled, contains a high per 
centage of ferric oxide and but a small proportion of ferrous oxide. 
On the other hand, the fayalite contains ferrous oxide only, and the 
pyroxenes, amphiboles, and micas abundantly associated with the 
fayalite, as shown by the analyses, contain a marked excess of ferrous 
oxide over ferric oxide. 

It may be, therefore, that in those magmas, or portions of magmas, 
very poor in magnesia, which contain a large excess of ferrous oxide 
over ferric oxide, the chemical conditions for the development of 
fayalite exists, and in those containing an abundance of ferric oxide 
the conditions for the development of egirite are present and that 
necessarily these two minerals will not be expressed in the same 
phase of rock. A deficiency of oxygen as well as of magnesia may 
therefore be necessary for the development of fayalite. 

Fluorite is a persistent, though not an abundant, constituent of 
the various phases of this series. The fluorite is colorless, has low 
birefringence and perfect octahedral cleavage, and on account of 


its extremely low index of refraction, produces the apparent anoma 


lous appearance of having a very high index of refraction. The 
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occurrence of fluorite in the various members of this series is but 
another expression, in addition to that of the prevalence of the fayalite, 
of the probable common magmatic source of the various phases of 
rocks here referred to as belonging to the same series. 

The idea has prevailed, to some extent at least, that fayalite, on 
account of its extremely basic character and its association with 
quartz in certain rocks, and with spherulites and lithophysae, prob- 
ably had only an aqueo-igneous origin in rocks rather than ordinary 
igneous origin. In this connection it may be well to call attention 
to the various occurrences of fayalite previously noted. 

It has often been observed in crystalline slags. The first natural 
occurrence of fayalite observed’ was in 1839 in nodules in volcanic 
rocks on the island of Fayal (whence the name is derived), one of 
the islands of the Azores. In the Mourne Mountains of Ireland it 
occurs,” filling drusy cavities in granite. Professor J. P. Iddings,’ 
has described its occurrence with tridymite in spherulites and litho- 
physae in the obsidian of Obsidian Cliff, Yellowstone National 
Park; and Iddings and Penfield* have described its occurrence in 
the recent obsidian flows of the Lipari Islands. It also occurs in 
large crystals, apparently in ‘“‘vugs,” in a soda granite at Cheyenne 
Mountain, Colorado,’ and in a pegmatite dike in hornblende granite 
at Rockport, Mass.° In the latter place, as described by Penfield 
and Forbes, it occurs as a lenticular shell of varying thickness, twelve 
to sixteen inches in diameter, filled on the inside with loose earthy 
material and enveloped by a layer of magnetite one inch thick. It 
is a fact worthy of note that this Rockport granite is a phase of the 
alkali-rich rock of Essex County.’ 

It is also found in cavities in the lava of Vesuvius erupted in 1631, 

t Poggendor}’s Annalen, Vol. L.1, p. 160. 

I. 


2 DeLesse, Bulletins de la Société géologique de France, Vol. X (1853), Pp. 57 


3 J. P. Ippincs, Seventh Annual Report, U. S. Geological Survey (1885), pp. 270, 


+J. P. Ippincs ANpD S. L. PENFIELD, American Journal oj Science, Vol. XL 
(1890), p. 75- 

s W. E. HippEN AND J. B. Mactntosu, ibid., Vol. XLI (1891), p. 439, and Vol. 
XXIX (1885), p. 250. 

6S. L. PENFIELD AND E. H. Forses, ibid., Vol. LI (1890), p. 129. 


7H. S. WASHINGTON, JOURNAL OF GEOLOGY, Vol. VII (1899), p. 466. 
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occurring with sodalite and orthoclase. Lacroix has also noted the 
occurrence of fayalite in the trachyte lava of Mont Doré. In all 
these instances, with the possible exception of the last mentioned, it 
will be noted that the fayalite occurs either ‘in cavities, veins, or 
segregations, and on this account it has been thought that it must 
necessarily be a product of 
aqueo-igneous origin. 

It may be well, therefore, 
again to call attention to, and 
emphasize, the fact that not 
only does the fayalite occur as 
a persistent, and in places a 
fairly abundant, constituent of 
these various rocks described 
from central Wisconsin, but 
that it occurs here as a rock 


constituent under _ perfectly 





normal conditions. 


Fic. 2.— Photomicrograph of quartz The presence of fayalite as 
svenite; X60. The crystals shown are faval . : . 
, —s an essential constituent of a 
ite, much fractured, on the right, hedenbergit« ; " Z : 
number of phases of this series 


on the left, both surrounded in part bv bluish 

green arfvedsonite The black mineral is would seem to indicate that, 
magnetite, and the colorless crystal is apatite mineralogically and chemi 
cally, these phases are unique. And not only are the fayalite-bearing 


phases unusual, but also the other phases of the series, since they con- 
tain no magnesia-bearing minerals, and contain, besides the quartz, 
feldspar, and feldspathoids, only calcic-iron alumino silicates or alkali- 
iron alumino silicates, or combinations of them. It is a well-known 
fact, of course, that all the alkali-rich rocks, such as those associated 
with nepheline-bearing rocks, contain much less magnesia than lime, 
and that not only is the proportion of magnesia to lime in these alkali 
rocks small as compared with the proportion in the usual basic rocks, 
but that it is also much smaller than occurs in average igneous rocks. 

In comparison with other somewhat similar and well-known 
alkali-rich rocks, such as the nepheline-bearing and associated rocks 
of the Christiania region of southern Norway, described by Brégger,° 


>W. C. BréccER, Zeitschrijt jiir Krystallographie und Mineralogie, Vol. XVI 
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it may be stated that the latter differ radically from the alkali rocks of 
Wisconsin in their much higher content of magnesia. In Brégger’s 
series there is, on the average, five or six times as much magnesia 
as in these, otherwise similar, Wisconsin rocks. The nepheline 
syenites and quartz syenites of Arkansas, described by J. Francis 
Williams,’ are more like these Wisconsin rocks, but the Arkansas 
rocks, otherwise similar, have much more magnesia than those here 
described. The nepheline-bearing and associated rocks of Essex 
County,? Mass., are generally comparatively high in magnesia and 
are closely related to gabbro and diorite. 

Wher the mineralogical composition of these various alkali 
rocks, from different parts of the world, is compared, a much more 
striking dissimilarity is to be noted. The difference, of course, 
does not lie in the nature of the quartz, feldspar, nepheline, and 
sodalite, but with the dark-colored silicates; and since the former 
constitute much the larger portion of the rock, the difference is 
necessarily accentuated in the less abundant iron silicates. In these 
Wisconsin rocks, therefore, the low content of magnesia finds expres- 
sion in the development of fayalite, and of pyroxenes, amphiboles, 
and micas comparatively low or free from magnesia. Whether or 
not fayalite or other magnesia-free silicate develops in the magma 
probably depends also, as already stated, upon the oxide condition 
of the iron. A deficiency of oxygen in the magma, as well as of 
magnesia, therefore, may be the controlling*factors in the development 
of fayalite; and in those portions of the magma where oxygen was 
more abundant the more complex ferric-oxide-bearing silicates, such 
as wgirite, were formed. 

In comparison with other somewhat similar, alkali-rich rock series, 
such as the syenite of southern Norway, Arkansas, and Essex County, 
Mass., it may be stated that fayalite has not been observed in any of 
them. Furthermore, the pyroxenes present in these rocks are gener- 
ally the magnesia-rich varieties, such as augite or diopside, which 
tend to grade to xgirite through augite-wgirite and diopside-egirite. 

The alteration of the fayalite in some instances is quite extensive, 
the process of alteration consisting merely in the breaking up of this 

tJ. F. Woirams, Arkansas Geological Survey, Vol. IT (1891) 


H. S. WASHINGTON, JOURNAL OF GEOLOGY, Vol. VII (1899), p. 463. 
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Fic. 37.—a. Hedenbergite-quartz-svenite (6639); X20. The minerals shown are: 
iulkali-feldspar (fe), quartz (q), fayalite (ja), hedenbergite (4), arfvedsonite and 
magnetite, the black mineral There is also present a small amount of fluorite and 


apatite 
b. Hedenbergite-mica-syenite (6597) 2 The minerals shown are: 


feldspar (fe), brown mica (m), hedenbergite (/:), fayalite (fa), and magnetite 


amount of fluorite and apatite is also present 


alkali 


A small 


c. Hedenbergite-nepheline-syenite (6600); X20. The minerals shown are: 


ilkali-fe ldspar €), nephe line n), hedenbe rgite h), fayalite (ja), and magnetite 


d. Favalite-nepheline-syenite (5275); X20 The minerals shown are: 


feldspar (je), nepheline (#), hedenbergite (4), fayalite (Ja), and magnetite. 
e. Fayalite-nepheline-syenite (5275); X20. The minerals shown are: 
feldspar (/e), ne phe line (x2), favalite a), and magnetite 


alkali- 


alkali- 
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ferrous silicate mineral into the oxide of iron and oxide of silica, the 
silica being carried away in solution, probably as hydroxide of silica, 
and the oxide of iron, which is apparently always magnetic, left as 
residual material. Quartz as an undoubted residual product of the 
alteration was not observed in any case. The alteration of the fayal- 
ite to magnetite, as indicated in the photomicrograph, takes place 
about the borders of the crystals, and along the fractures and cleavage. 

Not all the iron oxide associated with the fayalite, however, is of 
secondary origin. There can be little doubt that some of the iron 
oxide occurring as rims surrounding the fayalite, as well as that occur- 
ring as inclusions within the fayalite, is of primary origin. The dis- 
tribution of the iron oxide, probably mainly magnetite, is such as to 
indicate that most of it occurring in the rocks is an original separa- 
tion from the magma, for it is by no means entirely confined to the 
vicinity of the fayalite, or of the other dark-colored constituents, but 
often appears to be entirely independent of them. (See Figs. 1-3.) 
Rims of hedenbergite also surround the fayalite (Fig. 3, d), and some- 
times the reverse is true and fayalite and iron oxide nearly completely 
surround hedenbergite (Fig. 3, a). Furthermore, these associations 
are just as abundant in perfectly fresh rocks, as illustrated in phases 
from a well taken fifty or sixty feet from the surface, as in specimens 
collected from the rapids of the Wisconsin River at Wausau, and 
elsewhere, immediately beneath the soil. 

While much of the fayalite appeared to show more or less altera- 
tion, still in most cases the alteration was never complete, at least 
in crystals of the ordinary, or average, size, even when the fayalite- 
bearing rock was immediately associated with the soil, or running 
water. Attention has already been called to the alteration of the 
large nodules of fayalite in pegmatite, sixty feet below the surface, 
at Rockport, Mass., where the magnetite was observed as forming a 
shell about the fayalite. In all other cases noted in literature, the 
alteration of fayalite has been quite generally observed as being to 
magnetic material, and in this regard it is quite similar to the altera- 
tion of olivine, in which case the secondary products are usually 
serpentine and magnetite. 

SAMUEL WEIDMAN. 
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The Clays and Clay Industry of New Jersey. By Hetricu RIEs 
AND HenrRY B. KUMMEL, ASSISTED BY GEORGE N. KNAPP. 
(Geological Survey of New Jersey, Vol. VI.) Pp. xxi+548; 
LVI plates, and 41 figures in text. 

In 1868 the Geological Survey of New Jersey, Professor George H. 
Cook, state geologist, published a full report on the clays of the state—a 
report which was of great service in its day. Ten years later a further 
report on some of the more important clay districts of the state was issued. 
These earlier reports were long since exhausted. Furthermore, the develop- 
ment of the clay industry and the progress of knowledge of the geology of 
the state, have created a demand for the new report on the clays of the 
state. The present volume is in response to this demand, and brings the 
subjec tup to date 

The importance of the clay industry in New Jersev is shown by the fact 
that in 1902, the last year for which statistics are available, the total value 
of the clay products of the state was more than $12,600,000. 

The economic phases of the subject are primarily the work of Dr. 
Ries, while the geological questions involved are primarily the work of Dr. 
Kiimmel, who, however, has availed himself of the data in possession of 
Mr. Knapp, who became familiar with the Cretaceous and later strata of 
the state in connection with his work on the Pleistocene of southern New 
Jersey. 

The volume is divided into four parts as follows: (1) Clay and its 
Properties, including a discussion of the occurrence of clay, the methods 
by which it is worked, as well as its physical and chemical properties (pp. 
1-115); (2) Stratigraphy, the clay of the state being found in various 
formations, chiefly in the Cretaceous, Tertiary, and Pleistocene (pp. 119- 
203); (3) The Manufacture of Clay Wares, which include brick, fire- 
brick, terra cotta, wares for structural work, tile and pottery (pp. 205-342); 
(4) The Economic Geology of the New Jersey Clays pp. 343-508). To 
these four parts are added appendices giving statistics of clay produc tion, 
hibliography of clay literature, and tables of chemical analyses and physical 


tests. This outline of the contents of the volume gives an adequate idea 


of its scope. 
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To the systematic geologist one of the chief points of interest in the vol 
ume lies inthe classification of the Cretaceous formations. This is as 
follows: 

III. ‘The Marl series. 

5. Upper marl (in part). 
4. Limesand (including the Yellow sand). 
3 Middle (Sewell) marl. 
2. Red (Red Bank) sand. 
1. Lower (Navesink) marl. 
II. Clay Marl series. 
5. Wenonah sand. 
1. Marshalltown clay-marl. 
3. Columbus sand. 
2. Woodbury clay. 
1. Merchantville clay. 
I. The Raritan clay series. 

This subdivision, it is to be noted, is different from that which has been 
used generally. It is adopted because, in addition to other reasons cited, 
it is ““more accurate” than the classifications heretofore published. The 
subdivisions of the Clay-Marl series here given were made out by Mr. Knapp 
some eight or ten years ago. It is to be noted, further, that the difference 
between this classitication and the one heretofore published? does not 
consist merely in the greater number of subdivisions of the several series. 
The lines of subdivision between the major divisions are not the same as 
in the earlier classification. Various specific errors in that classification 
are distinctly pointed out. It may be added that. as a result of recent work 
done by the State Survey, the subdivisions here proposed have been shown 
to hold paleontologically as well as stratigraphically, though the results of 
the recent paleontological studies have not been published. 

The press work of the volume is excellent, and the Survey and the state 
are to be congratulated on the general excellence of the volume as to both 


substance and form. 


J. HL. 


Oil and Gas. Levels. (Vol. IA, West Virginia Geological Survey.) 
Pp. xi+625. I. C. Wuire, State Geologist. 

Tue earlier volume (Vol. I) of this Survey on Oil and Gas of the 

State was exhausted some time since, and the present volume is its succes- 

sor. In the new volume the general discussions of the previous volume 


tW. B. CLARK, Annual Report, Geology of New Jersey, for 1897. 
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reappear, with some revision, and many new data, gathered since the 
publication of the earlier volume, are incorporated. The volume is thus 
brought up to date. Those who had reason to know the value of the first 
volume will welcome the revision. 

The preface also announces a forthcoming volume, to be published 
probably in 1905, on the clays, limestones, and building-stones of West 


Virginia, to be prepared by Professor G. P. Grimsley. 


Baraboo Iron-Bearing District. (Bulletin XIII, Wisconsin Geo- 
logical Survey.) By SAMUEL WEIDMAN, PH.D. Pp. x+190; 
23 plates. 

Tuis volume gives an account of the geology of the region about Bara 
boo, dealing especially with the pre-Cambrian formations in which the 
iron ore occurs, and with the iron ore itself. This ore, it may be noted, 
has but recently been opened up. 

The oldest rocks of the region are igneous, and include rhyolite, granite, 
and diorite. They appear in small isolated areas only. The sedimentary 
pre-Cambrian formations are three—namely, (1) the Baraboo quartzite, 
3,000 to 5,000 feet thick, at the base; (2) the Seeley slate having a probable 
thickness of 500 feet or more; and (3) the Freedom formation (dolomite 
and iron-bearing), with a thickness of 400 or 500 feet. The iron ore is 
in the lower part of the Freedom formation. These formations are regarded 
as Middle or Upper Huronian. The author’s statements on this point 
are (1) that the Baraboo series is probably the equivalent of the upper 
most series of pre-Cambrian sediments in north central Wisconsin (p. 169); 
and (2) ‘‘if the Huronian system, instead of consisting of two series 
really consists of three unconformable sedimentary series . . . . then it 
seems to the writer that the Baraboo series is, with little doubt, either 
Middle Huronian or Upper Huronian, and more probably the former than 
the latter.” Exact correlation of the iron-ore bed with the other iron-ore 
beds of the pre-Cambrian is not attempted. 

The ore is associated with ferruginous slate, ferruginous chert, and 
ferruginous dolomite, and there are gradations from the ore to each of 
these rocks. The association of the ore with dolomite is believed to be 
unique among the pre-Cambrian iron districts of the United States. The 
ore is mainly red hematite, with a small amount of hydrated hematite. It 
is commonly “more like the hard phases of ore in the old ranges of the 


Lake Superior district than the soft hydrated ore of the Mesabi district. 


The ore is usually of Bessemer grade.” 
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The ore has a bedded structure. The author believes it 
was originally a deposit of ferric hydrate or limonite formed in comparatively 
stagnant shallow water under conditions similar to those conditions existing 
where bog or lake ores are being formed today, and that through subsequent 
changes, long after the iron was deposited as limonite, while the formation was 
deeply buried below the surface and subjected to heat and pressure, the original 
limonite became to a large extent dehydrated and changed to hematite. 

The extent of the ore is undetermined, but is in places 35 feet thick at 
right angles to the bedding. 

One point in connection with the later formations of the region may be 
noted. The St. Peters sandstone is said to be unconformable on the Lower 
Magnesian limestone. This is also true in some other parts of the state, 
and perhaps generally, and gives point to the inquiry as to whether the 
Lower Magnesian limestone should not be classed with the Cambrian, rather 
than with the Ordovician, making the unconformity the plane of division 
between these two systems. This is the classification which was sug- 
gested by the Geological Survey of Wisconsin in 1881 (Vol. I). 


BR. D.. 5. 
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